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PREFACE. 



YsAB after year, numerous new and many recon- 
structed books are introduced to public notice, some 
for useful information, more for idle recreation, but 
very few indeed for practical purposes connected with 
skilled knowledge in mechanical pursuits. 

On my return to England recently, after an ab- 
sence of nearly ten years in foreign countries — where 
works of practical utility' on mechanical require- 
ments could not be obtftinMi "nor even heard of — I 
was astonished to find that my- own compilations, 
published more than thirty years ago, were works 
still called for by the public, and it therefore oc- 
curred to me that a new compilation, embodying, 
in a concise form, the results of my long practice in 
various parts of ihe world, might obtain a share of 
public appreciation, and be of considerable value to 
those to whom it is dedicated. 

With these views, and by the advice and entreaties 



PBEFACE. 



of many connected with the various branches of the 
Iron Trades, I issued circulars to that effect, whereby 
to ascertain the public feeling as to whether a work 
of the kind was now required; and, to my great 
satisfaction, I was inundated by orders for the work 
from all quarters. And now that it is in the hands 
of the public, I have only further to observe that it 
has been written partly for instruction, and partly 
for useful reference by those who are of necessity 
conipelied to give a ready* answer to any mechanical 
or engineering question. , 

The instructive portion of the work will no doubt 
be but little required ; but I have been induced to 
comply with a number of solicitations from juniors 
in various professions, and I hope that such infringe- 
ment will be forgiven by those of maturer years who 
are perfectly acquainted in practice with the rules of 
Decimal Arithmetic, now so generally employed. 

LondoHf 18 Feb. 1862. - 
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PRACTICAL ASSISTANT. 



DEFINITIONS OF ARITHMETICAL SIGf^S AS IN 

COMMON USE. 



=r Sign of Equality, and signifies equal to, as 

7 added to 6 = 13. 
•f „ Addition, signifies plus or more, as 

7+8=15. 
* „ Subtraction, „ minus or less, as 

14 - 5 = 9. 
X n Multiplication, „ multiply by, as 

12 X 5 = 60. 
-j- „ Division, „ divide by, as 16 -f- 4 = 4. 

or, V = 4- 

: : :. : Proportion, „ as 4 is to 8, so is 12 to 24. 

evolution, or the extrac- 
tion of roots, as 

y 64 = 8, and V 64 = 4. 
6*) „ To be squared) involution, or tlie raising 
6*> „ To be cubed j " of powers; 
6* = 36, and 6^= 216. 

7 + 6 X 6 = 72 signifies line or bar, as 7 added to 5 = 12, 

and 12 multiplied by 6 =: 72. 

i^ 5* — S* = 4 „ that 3 squared token from 5 

squared, the square root of 
the remainder = 4. 



j^.\ Sign of Square Root ) 
V) „ Cube Root i" 



1/1!12L1I=^ ^ that 20 multiplied by 12 and the 
30 product divided by 30, the 

cube root of the quotient = 2. 



BRITISH WEIGHTS AKD MEASURES. 



STAND AKD WEIGHTS AND MEASURES OF 
GREAT BRITAIN AND ITS COLONIES. 



THE IMPERIAL MEASURES INTRODUCED JANUARY 1st, 1828. 



Avoirdupois, or Commercial Weight, 

*10831 cubic inches of pure mark. 
water, at 62° Fahrenheit, 

or 27*34375 grs. troy = 1 dram, dr, 

16 drams = 1 ounce, oz. 

16 ounces = 1 pound, 76. 

14 pounds = 1 stone, st, 

2 stones, or 28 pounds = 1 quarter, yr. 

4 quarters, or 112 pounds ... = 1 hundred- weight, cwU 
20 hundred-weights, or 2,240 

pounds = lton, T, 

Note. — ^The stone is principally used in weighing Hay, 
Straw, and Live Cattle, and commonly called Jockey 
Weight. 

Troy Weight 

Is used in weighing Gold, Silver, and Precious Stones, 
and also in estimating the results of Philosophical experi- 
ments. 

1*901306 cubic inches of pure mark. 

water, at 62° Fahrenheit ... =480 grains, gr, 

24 grains = 1 pennyweight, dwt, 

20 pennyweights... = 1 ounce, oz. 

12 ounces = 1 pound, lb. 

Note.— -Avoirdupois .lbs. X 1*21528 = Troy lbs. 

„ oz. X "9115 = „ oz. 

Troy lbs. X -823 =Avoi.lb8. 

„ ozs. X 1*1 = „ ozs. 

ff grs. X '03657 = „ drs. 
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Lineal Measures, or Measures of Length, 

The English Standard Yiird of 1760, and now lodged in 
the custody of the Clerk of the House of Commons, is 
made the standard or unit for all measures of extension 
whatsoever, and -^ of such yard = 1 inch. 

7*92 inches = 1 link. 

12 „ = 1 foot. 

3 feet ..., = 1 yard. 

6 feet = 1 fathom. 

16J „ or 5J yards == 1 rod, pole, orperch. 

792 inches f 

66 feet > = 1 chain. 

22 yards, or 4 poles 3 

220 yards ^ 

40 poles, or i ^^ ^ furlong. 

10 chains ) 

5280 feet 1 

1760 yards J 

320 poles > = 1 statute mile. 

80 chains, or 

8 furlongs 

K &'::::::.::::.:::::::::} =^-«"«'=»^'°««- 

Mean diameter of the Earth=7920*5 English statute miles. 
Circumference of the Earth=24883 milesj or 43794000 yds. 
Curvature of the Earth=7''962 inches per mile. 

The fathom is chiefly used for seafaring and mining pur- 
poses. 8 fathoms = the length of the Nayy log^line, and 
120 fathoms = a cable's length. 

Square, or Superflcial Measures. 

144 square inches = 1 square ioot. 

9 „ feet = 1 „ yard. 

40 poles = 1 rood. 

4840 square yards, or ) _ , ^rr^ 

10 „ chains ; — l acre. 

640 acres = 1 square mile. 



8 BRITISH WEIGHTS AND MEASURES. 

CuUe Measures, or Measures of Solidity and Caj^acity. 

1728 cubic inches = 1 cubic foot. 

27 ,, feet = 1 „ yard. 

5 „ feet = 1 barrel bulk of skipping, 

42 „ feet = 1 ton of shipping. 

A load of unhewn timber = 40 cubic feet. 

„ squared „ = 50 „ 
A cord of wood = 128 „ 

Imperial Measures of Capacity, for all Liqydds, 
Grain, and other Dry Goods. 

5 0Z8. AToir. of pure water at 

62° Fahrenheit = 1 gill = 8-665 cubic in. 

4 gills = 1 pint = 34-659 „ 

2 pints = 1 quart = 69*318 „ 

4 quarts = 1 gallon = 277-274 „ 

2 gallons =r 1 peck :r= 554548 ,y 

4 pecks = 1 bushel =2218-192 „ 

8 bushels = 1 quarter = 10*27 cubic feet. 

Note. — The peck, bushel, and quarter are for dry goods onlj'. 

Formerly the Wine gallon contained 231, the Ale gallon 
282, and the bushel measure 2150*42 cubic inches. 

1 peck of flour = 14 lbs. Avoir. 

1 bushel „ =-56 „ „ 

1 barrel „ = 196 „ „ or 1| cwt 

1 sack „ = 280 „ „ „ 2J „ 



Special Wine Measures. 
10 gallons = 1 anker. 



18 


?) 


— 1 runlet. 


42 


i> 


— 1 tierce. 


63 


n 


= 1 hogshead. 


84 


n 


= 1 puncheon 


126 


n 


— 1 pipe. 


252 


n 


= 1 tuu. 



Special Ale and Beer 
Measures. 



9 gallons 


— 1 firkin. 


18 „ 


= 1 kilderkin. 


36 „ 


=: 1 barrel. 


54 „ 


= 1 hogshead. 


72 „ 


= 1 puncheon 


108 „ 


= 1 butt. 



Although thus classified, they are, in trading, gene'-allv 
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gauged, and bought or sold in accordance with the num- 
ber of Imperial Kallons therein contained. One cubic foot 
is equal to 6^ Imperial gallons. 

Dimensions of Imperial Conical Liquid Measures, 

DIAMETERS. PEPTH8. 

Gill top |inchy bottom 2^ 3*166 inches. 

Half-pint „ | „ „ 3| 4*117 „ 

Pint „ 1 „ „ H 5*141 „ 

Quart n ^i n » H ^'332 „ 

Half-gallon „ l| „ „ 7 8*234 „ 

Gallon ,, 2 inches, „ 9 10282 ., 

Two-gallon „ 2j „ „ 11 J 12*665 



it 



Dimensions of Imperial Cylindrical Dry Measures 

(not heajped),. 

DEFTHB EQUAL TO THE DIAMETERS. 

Eighth of a peck, a cyliudei: of 4*452 inches. 

Furpit, or half-gallon „ 5*609 „ 

Gallon, or half-peck „ 7*067 „ 

Peck „ 8*904 „ 

Half-bushel „ 11*219 „ 

Bushel „ 14135 „ 

Qaartcr „ 28*270 „ 

Dimensions of Cylindrical heajped Measures, for CoJce^ 
Limey Fish, Fruit, Potatoes, Sfc. 



Half-gallon = 7f inches diameter = 176 

Gallon = 9| „ „ = 352 

Peck = 1 2i „ „ = 704 

= 1^} „ 



Cubicrinches 

when the 

measures 

are heaped. 



Half-bushel = nj „ „ = 1407f 

Bushel =19j „ „ =2815jj 

3 bushels == 1 sack, and = 4*889 cubic feet. 
12 sacks = 1 chaldron = 58*656 „ „ 

Note. — The Act directs that the depth of each measure 
shall not exceed half its diameter, and the height of the 
cone or heap at least three-fourths of its depth. 



10 FRENCH WEIGHTS AKD UBASURES, 

Previous to 1835, coals were bought and sold by heaped 
measures. The bushel was supposed to contain 80 lbs. 
Avoirdupois, and 28 such bushels to equal 1 ton ; but in 
that year an Act was passed which abolished the sytem. 
Now they are estimated by the cwt., or 112 lbs. Avoir- 
dupois, 224 lbs. being 1 sack, and 10 such sacks equal 1 ton, 

The average mean weight of different kinds of coal, 
broken up and properly prepared as practical fuel, is 50 lbs. 
per cubic foot, and 45 cubic feet the stowage capacity per 
ton. 

NoTB. — ^The reason why I liere introduce abolished or 
antiquated coal measures, is because the units of work 
done by steam-engines were estimated formerly from the 
consumption of coals by the bushel ; now that units of 
work done is valued by the lb. of coal, comparison of re« 
suits is not unfrequently required. 



FRENCH WEIGHTS AND MEASURES, 

AS MOST FHEQUEKTLT BEQUTRED FOR ENOUSH COMPARISONS. 



Weights, 

1 milligramme = *01 5438 English Troy grains. 
, 1 gramme = 15*438 „ „ „ 

or '002205 of a lb. Avoirdupois. 
1 kilogramme == 2-2048 lbs. Avoirdupois. 

WEIGHTS AS POPULARLY ESTIMATED. 

lbs. ozs. drs. Avoirdupois. 

1 cramme = 000^ 

1 decagramme = 6f 

1 hectogramme = 038^ 

1 kilogramme = 2 3 4| 

Lineal Measures, . 

1 millimetre = '039371 English inches. 

25^ „ = 1 „ inch. 

1 metre =39 371 or 3.9f „ inches. 

or = 3-2809 feet = 3 feet 3f inches. 
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Measures of Surface, 

1 centiare = 1-196 English sq. yds., or 10*764 English 

[square feet. 
9*3 centiares =100 „ „ feet. 

1 are =119-6 „ „ yards. 

40'47 ares =1 „ statute acre. 

1 hectare = 2-47 „ „ 

Measures of Solidity, - 

\ millistere = -035317 English cubic feet. 

i stere =35-317 „ „ 

Measures of Capacity j 
1 litre = 61-028 English cubic inches. 

POPULAR MEASURES OF CAPACITY. 

English galls, qts. pts. Imp. 

1 litre = 1^ „ 

1 decalitre r= 2 l} » 

1 hectolitre = 22 

1 kilolitre = 220' 

Conversion of Equivalent Measures, 

English to French. French to English. 

Inches ...X *0254 = metres X 39-371 =inclie8. 

Feet X '30477= „ X 3-2809 =feet. 

Yards ...X '91438= „ X 1-09364= yards. 

Miles X 1-6093 =kilometres... X •62138=mile8. 

Acres X '404 67= hectares X 2-4712 =acres. 

Imp. galls. X4-54339=litres X -2201 =gallons. 

Cubic ins. X -01639= „ X 61028 = cubic ins. 

Bushels .X -36347=: hectolitres .X 2-751 25= bushels. 
Quarters .X 29077 = „ .X -3439 =:quarters. 

Troygrs. .X -06479= grammes ...X 15-434 s=Troy grs, 
Troy lbs. .X '8732 = kilogrammes X 2-6795 =Troy lbs. 
AToir.lb8.X '4535 = „ X 2*2048 = Avoir. Ibk 
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ON SIMPLE AHITHMETIC; 

WITH SEDUCED VULGAR FSAOTIONS, COMMONLY GALLED 

DECIMAL ASITHMBTIC. 



Vulgar Fraotiovs signify a part or parts of any whole 
unit, of whatever description ; thus, one mile is a unit, and 
one yard is a fraction of it ; one foot is a unit, apd ona 
inch is a fraction of it, &c. Hence, fractions may be 
portions of some known weight, measure, capacity, or any 
thing else. Practically 1 pound Avoirdupois contains, or 
is equal to, 16 ounces, consequently 4 ounces equal i, or 
fraction of a pound. In lineal measure, 12 inches equ alone 
foot ; then 6 inches equal ^. Again, 32 gills equal 1 gallon, 
therefore 24 gills equal }, such being simple fractions 
Tulgarly expressed. The lower figures are called the de- 
nominators of the fraction, because they express or repre- 
sent the number of parts into which the unit is divided; 
and the upper figures are called the numerators of tlie 
fraction, because they show the number of those fractional 
parts taken into account. But calculations by vulgar 
fractions are both tedious and difficult, compared with 
decimal fractions, and chiefly because of the various scales 
employed in measurements and established modes of 
reckoning quantities hitherto in common use ; hence the 
utility of decimal arithmetic, whose fractions are uniformly 
tenths, hundredths, thousandths, &c., which simply may 
be construed from vulgar fractions, and so rendered practi- 
cally equivalent to suit any purpose required. 

Ruh by which to reduce vulgar fractions to decimals of equal 
value. — Add a cipher or ciphers on the right hand of the 
numerator for a dividend, and divide by the denominator, 
and if any significant figure or figures remain in the divi- 
dend, annex a cipher as before, and so continue until all 
significant figures are terminated in the dividend. But 
some vulgar fractions will not come to a termination as 
decimals; howeyer, when such is the case three or four 
decimal figures in the quotient are of quite sufficient ex- 
actitude in practical estimations. 
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Examples fob Elucidation. 

1 Reduce ^ of a lb. Ayoirdupois to a decunitl of equal 
Talue^ 

Divbor. Dividend. Quotient. 

4 ) 1*0 ( *25 the ansvcn 
8 

20 
20 



Or, 1*6. 16 ) 4*0 ( '25 Answer as before. 

82 

80 
80 



2. Reduce } of an Imperial gallon to an equiralent 
decimal. 

4 ) 30 ( -75 Or, If 32 ) 240 ( '75 

28 224 

20 160 

20 160 



S. Reduce 17 inches to the decimal of a yard of 36 inches. 

H 36 ) 17*0 ( -4722 Not terminated, but 
144 sufficiently near the 

260 truth, 

252 

80 
72 



80 
8 



In the first and second examples two ciphers are added 
in the dividend of each, consequently the quotients consist 
of two decimals each; and in the third example four 
ciphers are added, hence four decimals in the quotient. 



14 DECIMAL ARITHMETIC. 

All decimal quotients must be notified by a dot close to 
the left hand figifire, by which they may be distingmshed 
from whole Bumbers, when specialiy annexed. 

TaMe of Notation and Numeration for whole Numbers 

and Decimals, 




a 



• a 
•5 S 



«0 



•53 Ti o 

a g £ 

a ' 3 ° 



3 5 p.® j!^' i2 .s 5 /S r^ 5 I?' s o g 

7654321*123456 



Whole numbers increase in value from right to left by 
tens, and decimals diminish in value from left to right in 
an equal ratio. Thus, the three first figures from the 
decimal point in whole numbers equal 321, and the three 
first figures from the decimal point in decimals is *123 
thousandths. Replace the unit in whole numbers by a 
cipher, and the sum is 320; replace the 1 or tenth in 
decimals by a cipher, and the sum is 23 thousandths. Again, 
replace the tens in whole numbers by a cipher, and the 
sum is 300; but replace the hundredths in decimals by a 
cipher, and the sum is reduced to 3 thousandth parts of 
the unit or whole number, and each sum would stand 
numerically thus: — 321*123, 320*023, and 300003. Hence, 
it will be observed that ciphers annexed on the right hand 
of whole numbers do not change the value of those on the 
left ; but in decimals, ciphers added on the left hand of sig- 
nificant figures, reduce the value of the sum in a tenfold 
proportion with the number of ciphers annexed, and ciphers 
on the right hand of significant figures in decimals are of 
no value whatever. 
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To reduce deemed sums to vulgar fractwns of equal vcdue. 

Rule. — ^Multiply any decimal, or number of decimals, 
and of whatever denomination, by the next lower division 
or gradation of its scale in value ; count off from the right 
hand of the product as many figures for decimals as there 
are decimals in the multiplier and multiplicand together, 
then place the decimal point immediately after the last 
figure ; again, multiply the remaining decimals by the next 
lower division in its scale of value, and so proceed, as be- 
fore, until no further decimals remain in the multiplicind, 
or until no lower division is necessary to be taken into 
account. 

Ex. 1. What is the value vulgarly, as in common prac- 
tice, of the decimal '46875 of a linefd inch ? 

'46875 the multiplicand. 
X 8 or eighths, the multiplier. 

Ist rro. 3-75000 

, X 2 two-sixteenths equal one-eighth. 

2 lid Pro. 1-50 

X 2~ two 32s equal -j^. 

1*0 Ilcnce the value of the decimal is §, 
== 1^, and ^ of an inch. 

Ex, 2. Required, the common firactions of a foot whose 
decimal is '32292. 

•32292 
X 12 twelve inches equal 1 foot. 

3-87504 
X 8 eighths equal 1 inch. 



7-00032 Answer, 3 inches and f, with a re- 
- ; mainder of 32 thousandth parts 

of an inch. 
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£x, 3. What is the yalue of *3875 of a £ sterling? 

•3875 
X 20 shillings equal XI. 



7-7500 
X 12 pence equal I shilling. 



9-0000 Answer, 7 shillings and 9 pence. 



NoTS. — ^It being quite unnecessary to retain ciphers on 
the right hand of significant figures as decimals in the 
multiplicand, they are in consequence either retained or 
thrown away at pleasure in the working of the question. 

The four fundamental rules of decimal arithmetic, viz., 
Addition, Subtraction, Multiplication, and Division, are 
precisely those of common arithmetic, with the exception 
of placing the decimal or separating point, which must be 
duly attended to, in accordance with the previous instruc- 
tions given, and little more is necessary than an example 
or two, merely to impress them upon the memory- more 
permanently, and as a reference at any time when they 
may be required. 

In Addition. 

Ex, Add together the following whole numbers and 
decimals. 

23-701 

14-014 

I0200I 

17-413 

6-5 

8191 



KO-820 Total sura, equal one 
hundred and seventy 



as whole numbers, and eight-tenths and two hundredtlis, 
or eighty- two hundredths, as decimals. 
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In Subtragtiox. 
Subtract 477*9241 from 9001*216. 

9001*246 
477*9241 



8523-3219 Kcmaiiider. 



In MuLTirLIGATIOX. 

Multiply 48-74 by 207. 
. 2-67 

34118 
29244 
9748 



130*1358 Product. 



Iq the multiplication of decimals by decimals alone it 
sometimes occurs that the product will not contain so 
many figures as the multiplier and multiplicand together, 
as per rule ; consequently a cipher or ciphers must be an- 
nexed on the left hand of the product, so as to reduce it tu 
its proper terms. 

Ex, Multiply '125 by -031. 

•125 
•051 

125 
375 



'003875 In this product 6 decimals 
== are required, hence 8 
ciphers are annexed to make the proper reduced value. 



i8 DECIMAL ARITHMETIC. 

In* DiriSION. 

Divide 853-007 by 92-142. 

92142 ) 853-007 ( 9-2575 
829278 



237290 
184284 



530060 
460710 

693500 
644994 

485060 
460710 

24350 &c. 



Til ascertain the number of figures that must be pointed 
oil* in the quotient for decimals, count the number in the 
dividend, then the number in the divisor and quotient to- 
gether must equal those of the dividend. In this question 
there are 7 decimals in the dividend and 3 in the divisor ; 
then 3 from 7 leaves 4 to be cut off in the quotient. 

Divide 1 by 42-872. 

In such cases as this, as many ciphers must be added to 
the 1 whereby to form a dividend as there are figures in 
the divisor ; hence the dividend stands thus : — 

42-872 ) 1-00000 ( -02309 
85744 

142560 
138616 



894400 
885848 



8552 &c.. 



In this there are 8 decimals in the dividend, and 3 in th 
divisor, consequently 5 in the quotient. 

The following tables of Decimal equivalents are here 
subjoined, in order to obviate the constant necessity for 
reduction of vulgar fractions to decimals of almost daily 
practical wants. 
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Tahles of Decimal EqidvaHents to Fractional parts of 

Lineal Measures British. 



1 Inch = Unity, and divided into 32 parts. 




•625 

•59375 

•5625 

•53125 

•5 

•46875 

•4375 

•40625 

•375 

•34375 

•3125 









•281 25 

•25 

•21875 

•1875 

•15625 

•125 . 

•09375 

•6625 

•03125 

•015625 

•0078125 




1 Foot = Unity, and divided into 48 parts. 



•9791 

•95827 

•93748 

•9166 

•8958 

•87497 

•85413 

•8333 

•8125 

•79167 

•77083 

•75 

•7291 

•70827 

•68723 

•6666 

•6458 






•62497 

•60313 

•5833 

•5625 

•54167 

•52033 

•5 

•4791 

•45827 

•43743 

•4166 

•3958 

•37497 

•35413 

•3333 

•3125 

•29167 



o 
g. 



•27083 

•25 

•2291 

•20827 

•18743 

•1666 

•1453 

•12497 

•10413 

•0833 

•07292 

•0625 

•05208 

•04167 

•63125 

•02083 

•01042 



-a 
& 

Of 



3i 
3 

% 
2 

h 



■ ! 
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DECIMAL EQUIVALENTS. 



1 Yabd = Unity, and divided into 36 parts. 


•9722 85 


' -6389 


23 


•3055 


11 


•9444 34 


-6111 


22 


•2778 


10 


•9167 33 


•5833 


21 


•25 


9 


•8889 o 32 


•5556 


S 20 


•2222 o 


8 


•8611 -3 31 


•5278 


•3 1^ 

1 ^8 


•1944 ^ 


7 


•8333 ^ 30 


•5 


•1667 § 


6 


•8056 S 29 


•4722 


Z 17 


•1389 S^ 


5 


•7778 S 28 
•75 < 27 


•4444 


2 16 
< 15 


•nil g 


4 


•4167 


•0833 < 


8 


•7222 26 


•3889 


14 


•0555 


S 


•6944 25 


•3611 


13 


•0278 


1 


•6667 24 


•3333 


12 


•01389 


i 


1 Pound Avoirdupois Unity, and divided into 16 


parts : 


16 drams — 1 oz., and 16 ozs. — 1 pound. 




•0625 — 1 dram, or oz. 


•5625 — 9 drams, 


or ozs. 


•125 = 2 „ 


•625 —10 „ 




•1875 — 3 „ „ 


•6875=11 „ 




•25 = 4 „ 


•75 = 12 „ 




•3125 = 5 „ „ 


•8125 = 13 „ 




•375 = 6 „ „ 


•875 =14 „ 




•4375 = 7 „ „ 


•9375 — 15 „ 




•5 = 8 „ 


loz.orlb. — 16 „ 


» 



Common Fractions, with Decimal Equivalents. 




A = -25 

^ = -333 

t = * ^ A = -5 
j = -666 

A = '75 

^— >TT" . < - --L ' - I . ,i iii-««— 



1 






•2 

•1666 

•1428 

•125 

•111 



DECIMAL APPROXIMATES. 21 

Decimal Approximates for the facilitation of practical 
calculations in British Measures, 

AToirdupois lbs x *009 = hundred- weigh ti. 

„ „ X '00045 mrtons. 

Circum. of a circle... X '3 1831 = the diameter. 

Circular inches X '00516 = square feet. 

Cube of diam. of a 

sphere X '5236 = the solidity. 

Cubic inches X *00058 = cubic feet. 

„ feet X '03704 = „ yards. 

„ inches x '003607 = Imperial gallons, 

„ feet X 6'232 = „ „ 

Cylindrical inches ... X '0004546 = cubic yards. 

„ „ ... X *002832 = Imperial gallons. 

„ feet X '02909 = cubic yards. 

,» feet X 4*895 = Imperial gallons. 

D^am. of a circle ..; X 3'1416 = the circumference. 
„ „ ... X '8862 = side of equal square. 

„ „ ...X '7071 = side of inscribed sq. 

Side of a square X 1*4142 r= dia. of circum. circle 

Diam. of a sphere ... X *806 = dimensions of equal 

cube. 
9, ft ... X '6667 = length of equal cy- 

linder. 

Lineal feet X '0OO19 = English statute miles 

„ yards X '000568 = „ „ „ 

Side of a square ...... X 1-1284 = diameter of circle of 

equal area. 

51 ,y X 3*545 = circum. of circle of 

equal area. 
Square of diameter... X '7854 = area of equal circle. 
„ root of area... X 1'12837 = diam. of equal circle. 

• n inches X '00694 .= square feet. 

„ yards X '0002067 = English statute acres. 

Sq. of dia. of a sphere X 3*1416 = convex surface of a 

sphere. 

183*346 circular inches equal 1 square foot. 
2200 cylindrical inches equal 1 cubic foot. 
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TABLES OF SPECIFIC GRAVITIES. 



Tables of Specific Ghravities, 

OB WEIGHTS OF BODIES WHOSE HAONITUDES ABE EQUAL, 

BUT OF UNEQUAL DENSITIES. 

Ono cubic foot of pure fresh water at 62° Fahrenheit = 
1000 ounces Ayoirdupois ; hence it is conveniently, and 
with propriety, adopted as the standard of comparison by 
wliich the densities of other bodies are generally referred, 
and also the means by which to ascertain the densities of 
other bodies hitherto untabulated. 

Atmospheric air = •0768, or is 820 times lighter than water. 



Metals. 



Antimony, cast 

Bismuth „ 

Brass, average, ,} 

Bronze „ 

Cadmium 

Copper, cast 

„ wrought 

Gold, pure 

Gun-metal, cast 

Iron „ 

It l>ar 

„ wrought 

Lead, cast 

Mercury at 32° Fahrenheit 

212° 

Nickel 

Platinum 

Silver, pure 

Steel, soft 

„ hardened 

Tin, cast 

Zinc, „ 



Weight, 


Cable 


Weight of 


water 


inches in 


1 cuU in. 


being 1000. 


lbs. Avoir. 


inlbs. 


4500 


6-244 


•16 


9810 


2-818 


•3545 


8357 


3*308 


•3023 


8459 


8*268 


•306 


8600 


— . 


-~ 


8667 


3-19 


•3135 


8788 


3146 


•3178 


19258 


1-435 


•6965 


8561 


3-23 


•3096 


7244 


3-814 


•2622 


7701 


8-592 


•2792 


7792 


3*548 


•282 


11352 


2-435 


•415 


13619 


— 


— . 


13580 


2-035 


•4914 


13375 


— . 


— 


8270 - 


3-342 


•3 


20978 


1-318 


•759 


10474 


2-638 


•3788 


7780 


3-554 


•281 


7840 


3-527 


•2885 


7291 


3-79 


•2636 


7190 


3-845 


•26 



XABLF4S OF SPECIFIC OBAVITIES. 
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Yariotts Bodies. 



Brick, red, common , 

„ fire, Welsh 

Burrs, French, average 

Clay, common 

Coal, average , 

Coke, dry , 

Glass, plate 

Granite, average 

Gravel, „ 

Ice, from fresh water .., 

Marble, average 

Salt, diy 

Sand, river 

Slate, average 

Sandstone, 
Tallow, 



n 



j> 



Sp. Gr. 



1684 
1931 
2484 
1920 
1319 

755 
2453 
2651 
1920 
1001 
2720 
2130 
1520 
2800 
2350 

942 



Cub, ft lbs* 



105 
120-7 
151 
120 

82*4 

47 

153-3 
165-7 
120 

53 
170 
134-5 

95 

112*5 
147 

59 



Cub. feet 
=-lT. 



21-4 

18*5 

14 

18-7 

27*2 

47-6 

14-6 

13-5 

18*7 

35-5 

13 

18 

25 

19-2 

152 

38 



Liquids. 






Alcohol of Commerce. 
„ Absolute . 

Acid, Sulphuric 

Nitric 

Muriatic , 

Citric 

Ether, Nitric , 

„ Muriatic , 

Oil, Linseed «. 

OUve 

Rapeseed , 

„ Whale 

Sea Water, average... 

Spirits, proof. 

„ of Wine 

Tar, from Wood 

Tuxpentine 

Vinegar, distilled 

Wine, Bordeaux 

Port t... . 



99 
n 



Sp. Gr. 



n 



825 

797 

1850 

1271 

1200 

1034 

908 

729 

940 

915 

919 

923 

1028 

922 

830 

1015 

870 

1009 

994 

997 



Weight of 
Iro.gaLlbg. 



8*2 
7*9 

18-5 

12-7 

12 

10*3 
91 
7*3 
9-4 
9*2 
9-3 
9*4 

10-3 
9-2 
8-3 

10-1 
8*7 

10 
9-94 
9*97 



Weight of 
cub. in. lbs 



•0296 

•02'85 

•0667 

•0458 

•0433 

•0371 

•0328 

•0263 

•0389 

•0332 

•0335 

•0339 

•0371 

•0332 

•0299 

•0364 

•0314 

•0361 

•0358 
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TABLES OP SPECIFIC OWAYITIES. 



TlMBEB, SbASONEO. 



Alder 

Ap{)le-trec 

Ash 

Beech 

Birch, English 

„ black, American .... 
Blackwood, Australian .... 
Blue Gum, „ 
Box, French 

„ Dutch 

Cedar, American 

„ Sydney 

„ Canadian 

Cherry-tree 

Chestnut 

Cork 

Cowrie Pine, New Zealand. 

Crab-tree , 

Ebony, Indian 

„ American 

Elm 

Hawthorn 

Holly and Hornbeam, each 

Iron Bark, Australian 

Laburnum , 

Lance-wood 

Larch 

Lemon-tree 

Lignum Vitas 

Lime-tree 

Logwood 

Mahogany, Spanish 

„ Honduras 

Maple 

Oak, English 

„ American 



8p.Gr. 



736 
792 
845 
852 
792 
648 
662 

1100 

1328 
912 
561 
560 
910 
715 
610 
240 
512 
768 

1208 

1331 
673 
610 
760 

1233 
920 

1023 
530 
704 

1336 
760 
913 
720 
560 
752 
934 
672 



Pounds per 
cub. ft. 



Cubic ft. 

B- ITOD. 



46 


48} 


49J 


45| 


52 


43 


53: 


42 


49^ 


45} 


40u 


55 


41 


54 


68 


32} 


83 


27 


57 


39 


35 


64 


34} 


64 


57 


39} 


45 


50 


38 


59 


15 


149 


32 


70 


48 


46} 


75} 


29 


83 


27 


42 


53 


38 


59 


47} 


47} 


77 


29 


57} 


39 


64 


35 


31 


72} 


44 


51 


83} 

47} 


26; 


47: 


57 


39 


45 


60 


35 


64 


47 


47} 


58 


384 


42 


534- 



TABLES OF SPECIFIC ORAVITIES- 
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TiMBBB, SbASOKED. 



Oak, African 

Orange-tree 

Pear-tree , 

Fine, pitch 

n red 

„ white , 

yf yellow , 

Poena , 

Poplar 

Plum-tree 

Bed Gum, Australian , 

Bosewood, black , 

Sycamore , 

Teak 

Walnut 

WiUow 

Yew, Spanish 

Dutch 



n 



8p.Gr. 


Ponnds per 
cub. ft. 


944 


59 


705 


44 


660. 


41 


7S6 


46 


672 


42 


456 


28i 


448 


28 


640 


40 


384 


24 


785 


49 


901 


56 


1280 


80 


624 


39 


750 


46 


671 


42 


585 


36^ 


807 


50l 


788 


49} 



Cubic ft. 
-ITon. 



Elastic Fluids or Gases, Atmospheric Air being 1000. 

Ammoniacal Gas *500 

Azote, or Nitrogen *969 

Carburetted Hydrogen *491 

Hydrogen *074 

Oxygen, mean 1*044 

Steam of water at 212°Falit '690 

Sulphuretted Hydrogen 1*777 

Sulphurous Acid Gas 2*193 

Vapour of Alcohol 2*100 



26 PBACTICAL MEASURES FOR WATER. 



Useful units of fresh water at a mean temperature. 

Aroir. Avoir. 

1 cubic in. = '03617 lbs. lcylin.iii. = -02842 lbs.- 
12 „ ins. = *434 „ 12 „ ins. = *34l „ 
1 „ foot ==62-5 „ 1 „ foot=49-l „ 

1*8 „ feet=lcwt 2*282,, feet= 1 cwt. 

35*84 „ feet = 1 ton. 45*64 „ feet = 1 ton. 

27*648 cubic inches = 1 lb. AyoIt. 

1 gallon (Imperial) = 10 „ „ 

11*2 gallons ,f =r 1 cwt. 

224 „ „ = 1 ton. 

277*274 cubic inches = 1 Imperial gallon. 

12 „ „ ...= *043284 „ „ 

1 „ inch ... = •003607 „ „ 

1 ^ „ foot .. = 6*232 „ gallons. 

853 cyhndrical inches = 1 Imperial gallon. 

12 „ „ = -034 „ „ 

1 „ n = -002832 „ „ 

1 M foot =4*895 „ gallons* 

Sea water, average density » 

26*895 cubic inches = 1 lb. Avoir. 

1 gallon (Imperial) = 10*25 ,, 

10*93 „ „ = 1 cwt. 

218*6 „ „ = 1 ton. 

1 cubic foot = 64*2 lbs. Avoir. 

84*9 ,, feet = 1 ton. 

Comparative densities and degrees of Saliness of 
Sea water from various localities, that of the British 
Channel being 1*00. 



The Baltic Sea = 0*19 

The Black Sea =: 0*61 

The Irish Channel • = o*96 
The Mediterannean =1*11 



At the Equator = 1*12 

North Atlantic = 1*16 

Sea of Marmora ... = 1*18 
South Atlantic = 1*20 



EXAMPLES OF DECIMAL EQUIVALENTS. 27 

The following Eocamples sliow the utility of the 
jprecedhig Tables, viz,. Decimal Equivalents, Decimal 
Approximates, and Decimal Weights of a fuhic inch 
in Tables of Specific Gravities* 

Ex. 1 , Bequired, the superficial contents, in square feet 
of any right-lined figure whose breadth at one end equal 
2 ft. 5| inches; at the other end I ft. 10^ inches, and length 
5 ft. 3| inches. 

(See Tables of Decimal Equivalents, page 19.) 

2-4791 = 2 feet 5} inches. 
+ 1-8749 7 = I „ lOi „ 

-i- 2 ) 4-35407 
* 2- 1 7 7 mean breadth. 

X 5-27 = 5 feet 3 J inches. 

15239 
4354 
10885 



11*47279 ft. superficial surface. 



Again : 2 feet 5| inches == 29*75 inches, 
and 1 foot lOj ,^ = + 22-5 „ 

-^ 2 ) 52*25 

Mean breadth 26*125 
5 feet 3J inches = X 68*25 

130625 
52250 
78375 
156750 

Square inches 1652*4^0625 

(See Table, page 21.) X '*00G94 or, -007 

66096 
148716 
99144 

Square ffect nearly 11*467656 asbo'hra 



28 DECIMAL EXAMPLES. 

Kx, 2. A piece of wood as a pattern for a casting of iron 
15^ inches in length, 7^ inches in breadth, and } and ^ 
incbes in thickness, what is its contents in cubic inches r 
Also« what will its weight be in cast iron, taking the 
cubical c6ntents of pattern hy which to compute the 
weight, because cast iron contracts in the ratio of ^ of an 
inch per lineal foot generally ? 

(See Table of Decimal Eguiralents, p. 19.) 

7J = 7-125 
J&/j= -84375 X 
^ 35625 

49875 
21375 
28500 
57000 



6*01171875 
^C^\ inches = 15'4375 

3005859375 
4208203125 
1803515625 
2404687500 
8005859375 
601171875 



Contents 92-8059 ^082031 25 in cubic inchcfli 
(See Table, page 2 2.) -2622 

1856118 
1856118 
5568354 
1856118 

• 24 83370698 weight in lbs. Avoir. 

In practical operations such minute computations are 
not always required, approximations iVequently being 
equally adapted, particularly when time is of consequence ; 
hence, in multiplication of decimals, or of whole numbers 
and decimals, contracted multiplication is oftentimes had 
recourse to, the following being the common rule :— 



CONTRACTED MULTIPLICATION. 29 

The multiplicand is placed in the usual form ; then place 
the unit figure of the multiplier under that figure of the 
multiplicand whose place is the last to be retained in the 
product, and dispose of the rest so that they may all stand 
in contrary order to that in which they are usually placed. 
Then, in multiplying, reject all the figures on the right 
hand of the multiplying digit, and set down each product 
80 that the right hand figures may fall in a yertical line ; 
and obserre that the first figure of eyery line must be in- 
creased with what would arise (by carrying 1 from 5 to 14, 
8 from 15 to 24, 3 from 25 to 34, 4 from 35 to 44, ftc.) firom 
the product of the two preceding figures when you begin to 
multiply, and the sum is the product required ; but the 
following examnle, worked out at length, may more advan- 
tageottsly elucidate :— 

7i = 7-125 
J & /, ~ 57848 or -84375 reToned. 

57000 
2850 
2U 



■^ 



^,- 50 

3 

Product 6*01161 or sectional area in sq. incheti 
15^ = 573451 or 15-4375 reversed. 

601171 

800586 

24047 

1803 

421 

80 

Product 92*8058 Solidity in cubic inchei. 
Weight of cubic inc h 2262 or -2622 reyersed, 

185612 

55682 

1856 

186 

Product 24-3336 in lbs. Ayoirdupois. 



80 WEIOHTS OF METAL8, 

Ex, 3. Suppose the above casting is too ligbt, and too 
long as a counterpoise, it being required 82 lbs. in weight, 
what length must it be in lead ? 

Areal section of pattern = 6 inches. 
Weight of 1 cubic inch of lead = '415 lbs. 
Then •415 X 6 = 2*49, and 32 -f- 249 = 12*835 inches 
in length. 

« 

Ounces of dry deal or yeUow jnne as patterns for 

castings or forgings, ^c. 

Multiplied bj 1*011 = lbs. Avoirdupois in cast iron. 

„ „ 1*075 = „ „ wrought iron. 

„ „ 1*175 = „ „ brass. 

„ „ 1*21 = „ „ copper. 

„ „ 1-584= „ „ lead. 

Ex, Suppose a model or pattern of dry pine equal 
3 lbs. 5 ozs. Avoirdupois, what weight will the same be 
as a forging of wrought iron ? 

3 lbs. 5 ozs.= 53 ozs. X 1*075 = 56*975 lbs., or 56 lbs. 
15 ounces. 

Comparative Densities of various Metals. 

Bar or Plate Iron being 1*000 

Cast Iron = '942 

Steel, soft = 1*007 

„ hard = l*ei6 

Brass, cast = 1*083 

Copper, „ = 1*123 

„ wrought = 1*140 

Lead = 1*487 

Ex. Required, the weight of 1 lineal foot of round 
wrought copper to replace 1 lineal foot of round bar iron 
1} inches diameter. 

As per table of bar iron, 1 foot of 1| in. round := 5*92 lbs., 
and 5*92 X 1*14 = 6*74 lbs. of copper. 



WEIGHTS OF IBOV. 
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Weight of Square and Bound Bar Iron in Ihs. 

Avoirdujfois, 



Inches. 


Square. 


Round. 


Inches. 


Square. 


Hound. 


linch 

I* 

2 inches 

2}, 
2 J 


•210 

•327 

•471 

•641 

•838 

1-06 

1-31 

1-58 

1-89 

2-21 

2-56 

2-94 

8-35 

4-24 

5-24 

6-33 

7-54 

8*85 

10-26 

11-78 

13-40 

15-13 

16-96 

1893 

21-00 

23-09 

25-33 

27-69 


•165 
•257 
•370 
•504 
•658 
•833 
1-03 
1-25 
1-48 
1-74 
2*02 
2*32 
264 
3-33 
4-12 
4*98 
6-92 
6*95 
8-06 
9*25 
10-53 
11-89 
13-32 
14-85 
16*45 
18-14 
19*90 
21-75 


3 inches 

% 

4 inches 

4 

5 inches 

H 
% 

6 inches 

% 

7 inches 

7J 

8 inches 

9 inches 


30-15 

82-72 

35*39 

3816 

41-04 

4402 

47-10 

50-25 

53*60 

57-00 

60-51 

6412 

67-82 

71-66 

75-71 

79-60 

83-75 

92-33 

101-33 

110-76 

120-60 

130-85 

141-56 

152-63 

164-16 

188-42 

214-40 

271-28 


23-68 

25-70 

27 80 

29-97 

32-23 

34*58 

37 00 

39-51 

42-10 

44-78 

47-54 

5017 

53-28 

56-29 

59-38 

62-54 

65-80 

72-54 

79-60 

8700 

94-72 

102*80 

111-17 

119-90 

12900 

14800 

168-40 

213-12 



32 



WEIGHTS OF ROUND IRON. 
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WCIGIITS OF FL.VT lUOX. 
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WtigJits of Flat Bar Iron per Uneal foot, in Ihs, 

Avoirdupois, 



tj 



Thickness in parts of an incli. 

i -h i i i I 11 



•24 


•31 










•31 


•42 


. ^63 








•39 


•62 


•78 


105 






•47 


•63 


•94 


1-26 


1*51 




•55 


•73 


MO 


1*46 


1*83 


2*20 


•63 


•84 


1-26 


1*68 


^•09 


251 


•70 


•94 


1-41 


1*88 


2*36 


2*83 


•78 


105 


1-57 


209 


2*62 


314 


•86 


115 


1-73 


2-30 


2-88 


3*45 


•94 


1*26 


1*89 


2-51 


3*14 


3-77 


1*02 


1*36 


204 


2-72 


3*40 


409 


i-io 


1-47 


2-20 


2*93 


3-66 


4*41 


M8 


1-57 


2-36 


814 


3-93 


4*71 


1-26 


1-68 


2-52 


3-35 


4*19 


5*02 


1-41 


1*88 


2-83 


3*77 


4*71 


5*66 


1-57 


2-09 


3-14 


4*19 


5*23 


6*29 


1-73 


2-30 


3*45 


4-61 


5*76 


6*91 


1-88 


2*51 


3-77 


5-03 


6*28 


7^64 


2-04 


2-72 


4*08 


5*44 


6*80 


8*17 


2-20 


2-93 


4*40 


5*86 


7*33 


8*80 


2-36 


314 


4*71 


6*28 


7^85 


9*43 


2-51 


3-35 


603 


6*70 


8*38 


10'05 


2-67 


3-56 


5-34 


7*12 


8*90 


10-68 


2-82 


3-77 


5*65 


7*54 


9*42 


11-31 


2-98 


3-97 


5*97 


796 


9*95 


11*94 


3-14 


4^19 


6*29 


8*38 


10^47 


12.60 


3-45 


4-60 


6*91 


9*22 


11*52 


13-S2 


3-77 


5-02 


7*54 


10*05 


12-56 


15-08 



2-93 

3-30 

3-67 

404 

4-40 

4*77 

5-13 

5*50 

5*87 

6-60 

7*33 

8*07 

8*80 

9-53 

10-26 

11*00 

11-73 

1^*46 

13-20 

19 93 

14-66 

16*20 

17*60 



1 in. 



3*77 

4-19 

4*61 

5-03 

5.45 

5 87 

6*29 

6*70 

. 7-54 

8*40 

9*22 

10*05 

10*89 

11-73 

12-57 

13*40 

14-24 

15*08 

15*92 

16-75 

18-43 

•2011 
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WEIGHTS OP METALS. 



WeigJit of a superficial foot of Boiler Plate Ironf 
Sheet Iron, Copper and Brass, in lbs. Avoirdupois. 





Leon. 




No 


Iron. 


Copper. 


Brass. 




No 
16 


Iron. 


Copper. 


BnuM. 


1^ 


1-25 


1 


12-50 


14-50 


13-75 


2-50 


2-90 


2^75 




tV 


2-5 




2 


12-OQ 


13-90 


13 20 




17 


2-18 


2-52 


2^40 




i 


50 




3 


11*00 


12-75 


12-10 




18 


1-86 


2-16 


204 


• 


A 


7-5 




4 


10-00 


11-60 


11-00 




19 


1-70 


1-97 


1-87 


•P4 


i 


100 


o 

(Id 


5 


8-74 


10-10 


9-61 


g 


20 


1-54 


1-78 


1-69 


c 

CJ 


A 


12-5 


G3 


6 


8-12 


9-40 


8 93 




21 


1-40 


1-62 


1-54 


•a 


t 


150 


5 


7 


7-50 


8-70 


8-25 


2 


22 


1-25 


1-45 


r37 


? 


A 


17-5 




8 


6-86 


7-90 


7-54. 
6-86 

1 




23 


112 


1-30 


1-23 


P4 


i 


20-0 




9 


6-24 


7-20 


£ 


24 


1-00 


1-16 


1-1(^ 




A 


22-5 


OS 

5 


10 


5-62 


6-50 


6-18, 


a 


25 


•90 


1-04 


•99 


a 


« 


250 




11 


6-00 


5.80 


6.50 


« 

JS 


26 


•80 


•92 


•88 




H 


27-5 


& 


12 


4-38 


508 


4-81 

1 


H 


27 


•72 


•83 


•79 




J 


30-0 




13 


3-75 


4-34 


4-12 




28 


•64 


•74 


•70 




ff 

i 


35-0 




14 


3-12 


3-60 


3-43 




29 


•56 


•64 


•61 




1 Id. 


400 




15 


2-82 


3-27 


3-10 




30 


•50 


•58 


•55 



Weight of a lineal foot of Common Angle Iron, for 
the construction of Steam-boilers , Tanks, Sfc, in lbs. 
Avoirdupois. * • 



Breadth, 


Weight, 


Breadth, 


Weight, 


in inches. 


in lbs. 


iu inches. 


in lbs. 


H 


14^ 


2i 


6- 


3r 


11-75 


2 


3-9 


3 


10-4 


1^ 


8-3 


2f 


8-3 


1 


2-7 


6-5 


1 


1-8 



WEionTS OP riPES. 
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Weight of a lineal foot of Plain Cast Iron Pipes, 
without belts or heads, in lbs. Avoirdupois. 



■ 


• 


ins. 


Thickness of Metal ill inches. , 




t 
lbs. 


i 


* 


\ 


* 


lincIi 


1* 


li 






lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 






i 


8*8 


12*4 


16-3 


20-4 














n 


10-7 


14-9 


19*4 


24-1 














3 


12-5 


17-4 


22-4 


27-8 


33-6 


89-7 


46*0 








^ 


14-4 


19-9 


25-5 


31-5 


87-9 


44*7 


56-6 








4 


16-2 


22-3 


28*6 


35-2 


42-3 


49-6 


57*1 


65*1 






^\ 


18-1 


24-8 


31-7 


38-9 


46-7 


54*6 


62-7 


71*2 






5 


200 


27-8 


34-9 


42-7 


51-0 


59-5 


68-3 


77-4 






H 


21-9 


29-8 


88-0 


46-4 


55-3 


64-5 


73*9 


83*4 




, 


m 

6 


23-7 


32-2 


4M 


50-1 


69-6 


69*4 


79-4 


89*8 




1 


6} 


25-6 


34-7 


44*2 


53-8 


63-9 


74-4 


85*0 


96-0 




7 


27-4 


37-2 


47-3 


57-5 


68-3 


79-3 


90*6 


102-2 




7* 


29-3 


39-7 


50-4 


61-2 


72-6 


84-3 


96*2 


108-4 




B 


8 


811 


422 


53-5 


650 


77-0 


89-3 


101*8 


114*6 




g 


8i 


330 


44-7 


56-6 


68-7 


81-3 


94*3 


107-4 


120*8 




<M 


9 


34-9 


47-1 


59-6 


72-4 


85-7 


99*2 


112*9 


127-0 




9^ 


36-8 


49-6 


62-7 


75-6 


90-0 


104-2 


118*5 


133-2 






10 


88*6 


52-1 


65-8 


79-9 


94*3 


109*1 


124*1 


139-4 




% 


10^ 




54*6 


68-9 


82*8 


98*6 


114-1 


129-7 


145-6 




o 


11 




570 


720 


87-3 


103-0 


119*0 


135-2 


151*8 




lU 




59*6 


75-1 


90-4 


107-3 


1240 


140*8 


1580 




s 


12 




620 


78-2 


94-7 


111-7 


128-9 


146*4 


164-2 






13 






84-4 


102-2 


120 4 


138*8 


157-5 


176*6 






U 






90-6 


109-6 


129*0 


148-8 


168*7 


189*0 






15 


• 




96-8 


117-0 


137*7 


158*7 


179*8 


201*4 






16 








124-5 


146-4 


168-6 


181*0 


213-8 


1 




17 








131-9 


155-1 


178-5 


202*1 


224*2 


f 




18 








138-2 


162-1 


186-5 


211-2 


236-2 




20 










179-3 


2062 


233*3 


260*8 






22 












225-8 


255*4 


285*4 






24 


• 










245*5 


277-3 


310*0 



NoTB«— Two flanges are generally estimated as equal to 
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TTEICnTS OF BALLS. 



one foot of pipe, but the weights of sockets, belts, apd 
beads are entirely uncertain. 

To find the weight of any other diameter of cast iron 
pipe : — 

Rule. — Add together the outside and inside diameters 
in inches, multiply the sum by their difference and by 2*48, 
the product is the weight in lbs. Ayoirdupois. 

Ex. Required the weight of a lineal foot of pipe 30 inches 
internal diameter, and the metal 1^ inches in thickness. 

30 + 2*5 = 82-5 and 32-5 + Sa= 62*5 
then 62-5 X 2*5 X 2*48 = 387*5 lbs., or 3 cwt. 1 qr., 23 lbs. 

Diameters in inches, and weight in lbs. Avoirdupois^ 

of Cast Iron Balls. 



lbs. 
1 


inchea 


lbs. 
22 


Inches. 




Ibi. 


inchea. 


IJ&iAr 


6A 


• 52 


7A*A 


2 


2t&3\ 


24 


ei\ 




54 


»A&A 


3 


2}&^ 


26 


5J 


J cwt. 


56 


»i &A 


4 


3A 


28 


5J&A 




58 


li 


5 


3iV 


30 


6A 




60 


H &A 


6 


3J 


32 


6A 




62 


H &A 


7 


3} 


34 


6i&A 




64 


7} 


8 


3i 


86 


6i&A 




66 


7} &A 


9 


4A 


38 


6i&A 




68 


n *A 


10 


4A 


40 


6» 




70 


n &A 


12 


4A 


42 


6t&A 


fcwt. 


84 


8| *A 


U 


4« 


44 


6H 


1 cwt. 


112 


9A&A 


16 


4J&A 


46 


6i« 


5 „ 


560 


15J &^ 


18 


^ 


48 


7A 


10 „ 


1120 


20A 


20 


5i&A 


50 


7i&A 


1 ton. 


2240 


2H 



NUTS, BOLTS AND THREADS. 
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Approximate Weights of a cylindrical inch of various 
Metals, in lbs. Avoirdupois, 

Cast Iron = '2059 

Bar „ = '2193 

Wrought,, = -2215 

Steel, soft = '2207 

Lead, cast •• = ^3259 

Ex. What will be the weight of a circular plate of cast 
iron 9 inches diameter and f of an inch in thickness ? 

9« = 81 X '75 = 60-75 X '2059 = 12-5 lbs. 



Copper, cast •• 


.... = '2462 


Brass, „ •• 


.... = •a* 


Zinc, „ 


.... = -2042 


Tin, „ 


.... = ^207 


Mercury at 60° 


... = -3859 



Table of proportional dimensions for hexagonal 
nuts and bolt heads^ with the number of threads per 
inch, in accordance with what is commonly called 
Whitworth's Table. 



Diameter of bolts in Riches 

Threads per inch 

Breadth of nuts 

Breadth oyer angles 

Thickness of heads & nuts 

Diameter of tbolts in inches 

Threads per inch 

Breadth of nuts 

Breadth over angles 

Thickness of heads & nuts 

Diameter of bolts in inches 

Threads per inch 

Breadth of nuts 

Breadth over angles 

Thickness of heaids & nuts 



i 

ao 

a 

H 



1 in. 
8 

'.J 

2 in. 

1* 



1} 
5 

2 in. 



16 
« 

A 



1* 

7 



1 

4 
3 



I 



i 
12 

I in. 
A 



'7* 



2 in. 
4 
3^ 
3| 
2d 



11 



If 
6 

2A 

m 



H 
4 



2* 



6 

li 



2J 

4 
4 
4 

2 



f 

lA 

!** 

lin. 



If 



3ia 
Si 
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PROPERTIES OF METALS. 



Table exldhiting in successive order various properties 
of the principal metals. 



MaUeabUlty. 


DuctUity. 


Tenacity. 


Gold 


Gold 


Wrought Iron 


Silyer 


Silyer 


Wrt. Uoppcr 


Copper 


Platinum 


Platinum 


Tin 


Wrought Iron 


Silyer 


Cadmiam 


Copper 


Gold 


Platinum 


Zinc 


Yellow Brass . 


Lead 


Tin 


Cast Iron 


Zinc 


Lead 


Zinc 


Wrought Iron 


Nickel 


Tin 


Nickel 


Palladium 


Bismuth 


Palladium 


Cadmium 


Lead 



Properties of metals as materials of construction. 



Ultimate cohesive strength 

of an inch sqoare iMur 

in Tons. 



Cast steel 60 

Shear do 57 

Wrt. iron 25 

Gun metal 16 

Wrt. copper ... 15 

Cast do. ... 8} 

Yellow brass ... 8 

Cast iron 7| 

Zinc 3| 

Cast tin 2 

Bismuth 1^ 






& 



19-5 

170 

101 

5-0 

4-3 
4-6 
90 

1-4 

10 



Linear expansion 

from 
S^^' to 2120 Fahr. 



1 part in 842 
890 
812 
532 



n 
n 



n 

» 

n 
n 



581 
584 
900 
340 
462 
719 
851 



•SsS 



a 



^2 



I 



o 



•133 



J 



•137 

•220 B 

•193 S. 

•210 I 

•125 % 

•3-29 Z 

•278 2 

•156 I 

•319 f^ 



EFFECTS OF TEMPERATURR. 89 

Melting, boiling, and freezing points of various "bodies, 

in degrees of Fahrenheit, 

Degrees. 

Flatinum ... ... ... ... melts at 3080 

Nickel ... ... ... ... * „ 2810 

Cast Iron, average ... ... ... „ 2786 

Gold, fine ... ... ... ... „ 201 S 

Copper ... ... ... ... „ 1996 

Gun Metal ... ... ... „ 1900 

Silver, pure ... ... ... „ 1873 

xsrasa ... - ... ... ,,. „ ioo9 

Antimony... ... ... ... „ 810 

^mc ... •.• .*• ••.• ,, ii*i 

x^au ... •.• ... •.• „ o*/4 

Bismuth ... ... ... ... „ 476 

Tin 1 and Lead 4 ... ... ... ,, 460 

Tin and Cadmium, each ... ... „ 442 

Equal parts Tin and Bismuth ••, „ 283 

Sulphur ... ... ... ... „ 226 

Bismuth 5, Tin 3, and Lead 2 ... „ 214 

Bismuth 8, Tin 3, and Lead 5 ... „ 210 

jjeeS" wax ... ... ... ... „ Adi 

Spermaceti ... ... ... „ 142 

Bismuth 15, Lead 8, Tin 4, and Cadmium 3 „ 138 

j.aiiow^ ... ... ... ... ,, I A 

Mercuiy ... ... ... ... boils at 660 

Linseed Oil ... .,. ... „ . 600 

Sulphuric Acid ... ... ... „ 590 

Oil of Turpentine ... ... ^.. „ 660 

Nitric Acid ... ... ... „ 242 

Sea Water ... ... •.. „ 213 

Freshwater ... ... ... „ 212 

Ditto, in a vacuum ... ... „ 98 

Olive Oil ... ... ... ... freezes at 36 

Freshwater ... ... ... „ 32 

.Vinegar ... ... ... ... „ 28 

Sea Water ... ... ... „ 27j 

Wines, average ... ... ... „ 20 

Turpentine ... ... ... „ 14 

Sulphuric Acid ... ... ... „ I 
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ALLOTS OF HETALS. 



Equal parts Alcohol and Water freezes at 7^ below Zero. 
Alcohol 2 and Water 1 ... „ 11 „ 

Mjercury ... ... ... „ 89 „ 

I^itric Acid ... ... „ 45^ „ 



»» 



Note. — ^Redhent of a common fire equal about 1200° F., 
and white heat of a smith's forge 2900 F. 

Proportions of Metals for the production of useful 

Alloys, 



Gun Metal 



Bronze 

9f 



n 



Brass, hard 

sheet 

yellow 

„ deep yellow 

Bearings for Machinery 

Muntz's Metal 

Babbit's „ 

and 6 Regulus of Antimony 

Bell Metal, for large Bells 

„ .„ small „ 

Spelter Solder for Brass 

Copper and Iron 



n 



» 



>» 



Tinman's Solder 

Plumber's 

Glazier's 



•i< 



99 
99 



Copper. 


Tin. 


Zinc 


11 


2 





8 


1 


1 


4i 


1 





9 


1 





8J 


1 





S 





1 


2 





1 


1 





2 


16 


2i 


i 


U 





1 


1 


50 




8 


2 





16 


5 





1 





1 


16 





12 


Lead. 






2 


1 





1 


1 





8 


1 






A metal that expands in cooling from the melted state: — 
Xicad 9, Antimony 2, and Bismuth 1. 

German Silver : — 100 Copper, 60 Zinc, and 40 Nickel. 

Mosaic Gold — 16 Copper and 16 J Zinc. 

Ordinary Type-metal .—15 Lead, 4 Antimony, and 1 Tin. 

Britannia Metal : — 50 Tin, 4 Antimony, 4 Bismuth, and 
1 Copper. 



TEMPEniN'G OF STEEL. 41 

Degrees of temperature necessary to effect the prac- 
tical color on hardened steel, for the various purposes 
to which edge tools are applied. 

Turning tools for metal 430° Fah., very pale straw color. 

to 450 A shade of darker yeIlo\r. 

Tools for Wood, Screw 

taps, &C. ..» 470 A dark straw yellow. 

to 490 A dark straw yellow, ap- 

proximating brown. 
Ilatchets, chipping^ 
chisels, and other > 500° to 520° A brown yellow, or yellow 
percussire tools ) slightly tinged with 

purple. 
530- Light purple. 

Springs, &c 550 J>ark purple. 

„ 570 Dark blue. 

Proportionate quantities of Lead and Tin tliat will 
when in a melted state produce the various degrees of 
color on hardened Steel hy immersion, 

1 lb. of Block Tin to each quantity of clean Lead. 

Degrees, lbs. oz. 

Light straw color ... 430 Fah,, 1 14 Lead. 

Yellow 450 „ 2 2 „ 

Dark straw yellow... 470 „ 2 8 „ 

Light brown 490 „ 3 8 „ 

Brown yellow iSOO „ 4 12 „ 

Light purple 530 „ 7 8 „ 

Dark purple 550 „ 19 „ 

Dark blue 553 „ 25 „ 
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8CRKW CUTTING. 



Cliange Whcehfor Screw Cutting^ the leading Screw of Lailie 

being ^ inch pitch. 











A 


B 


C 


D 


E 


1 


80 


40 




"8J 


90 


85 


20 


90 


H 


80 


50 




» 9 


60 


90 


20 


60 


U 


80 


60 




•9i 


60 


60 


20 


95 


1} 


80 


70 




no 


60 


75 


20 


80 


3 


60 


60 




•lOj 


50 


70 


20 


75 


H 


80 


90 




••11 


60 


75 


20 


80 


H 


80 


100 




•iij 


60 


115 


20 


60 


2} 


80 


110 




•12 


60 


. 60 
1 65 


-.20 


120 


3 


80 


.. 120 
1 130 
oQ 65 




13 


20 


t 60 


120 


^ 8* 


80 


4J 


14 


20 


g 70 


e 60 

% 60 


i 120 


Isj 


|40 


g 


15 


|20 


S 75 

I 80 


1 120 


2 SJ 


1 80 


g>140 


5 


16 


I20 


g 60 


'2,120 


o 3J 


£•40 


1 70 


S 


17 


^ 20 


& 85 


w 60 


1 120 


6 8} 


1 80 


S 150 


^ 


18 


|20 


€ 90 


S 60 


§ 120 
Z 120 


1** 


5 40 


"S 75 


§ 


19 


520 


IS 95 


t 60 




^40 

1 40 
^ 40 


•2 80 
8 85 
S 90 
1 95 


•s 

^ 


20 
21 
22 
23 


e 20 
|20 
1 20 
^ 20 


|100 
% 105 
8 110 
5 115 


1 60 

1 60 
|60 
fl 60 


^ 120 
S 120 
g 120 
•3 120 

1 130 


i 5 


^ 40 


i 100 


-s 


24 


B 65 


1 120 


|20 
S20 
^20 


1 5i 


€ 40 
1 40 


fl no 
5120 


1 


24 
25 


1 55 
1 60 


1 120 


^ 110 
•S 150 


^ 6j 


- 40 


S 130 


V4 


25 


•S 30 


5 100 


1 20 


1 75 
S 140 


fe6i 


fe 20 

a 40 


t 65 




26 


h 70 
1 20 


$ 130 


|20 


i 7 

« 7J 


2140 




26 


t 120 


^30 


*S 65 


|20 
^ 40 


Z 70 
1 150 


28 
SO 


a 75 
^ 70 


Z 140 
1 140 


$20 
1 20 
|20 
'^ 20 


1 150 
1 150 


7* 


20 


» 75 




32 


30 


1 80 


|l20 


8 


30 


120 




34 


30 


^ 85 


120 


8i 


20 


85 




36 


30 


90 


20 


120 


9 


20 


90 




38 


30 


95 


20 


120 


H 


20 


95 




40 


30 


100 


20 


120 


10 


20 


100 




42 


30 


105 


20 


120 


10^ 


20 


105 




44 


30 


110 


20 


120 


11 


20 


110 




46 


30 


115 


20 


120 


Hi 


20 


115 




48 


25 


120 


20 


100 


12 


20 


120 




50 


30 


100 


20 


150 



SCREW CtJTTING, 43 

Tho Pitches in the preceding Table marked * are repeated 
for the conyentence of those who maj prefer using tlie 
compound series. 

Note. — ^If tlie Leading Screw coutains four threads to 
the inch (J inch pitch), the screw to be cut will hare double 
the number of threads given in the foregbing Table. 

To calculate for the Change Wheels when any other 
pitch of leading screw is given or required — 

Let A represent the number of threads to be cut per 
inch; 

B, the number of teeth in wheel on lathe spindle ; 

C, the number of teeth in wheel in contact with spindle 
wheel ; 

D, the number oi teeth in wheel in contact with leading 
screw wheel ; 

E, the number of teeth in wheel on end of leading 
screw; and 

D, the pitch of leading screw per inch. 

Then, A X B X D 
Ex n 
AxB xC 

E X n 
C X E xn __-Q 

AxD 
A X B X D — E. 
Cxn 

Arithmetically thus :— 

Let the leading screw equal | inch pitch, or 2 threads per 
inch, and the screw to be cut 10) threads per inch. 

Take any 3 of the screw cutting wheels that can be con- 
veniently applied, say B of 50 teeth, £ of 75, and D of 20, 
to find the number of teeth required in G. 

10-5 X SOX 20^ 10500 _ ^^ ^^^^ j^ ^^ 
76 X 2 150 



= P. 
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TEETH OF WHEELS. 



To determine tJie number of teeth or pitch of sinaU 
wheelSy on the Manchester principU, 

In this mode of finding the numher of teeth for any 
irheel of a given diameter, or the diameter of a pitch circle 
to contain any required numher of teetli, simplicity is the 
chief aim, hy evasion of fractional parts in the calculation. 
To effect this, tlie division of the pitch circle is entirely 
disregarded, and the pitch or numher of teeth is determined 
by whole numbers on the pitch circle's diameter, and called 
the diametral pitch, whereby to distinguish between that 
and the common or circular pitch. In the following table 
the circular pitches are merely notified, so as to give some 
ideaof the size of the teeth, by which to select what might 
be best adapted in strength to any particular purpose re- 
quired. 

Table of Pitches, 



Diame- 
tral 
pitch. 


Circular 

pitch in 

decimals. 


Circular 
pitch in 
fractions. 


Diame- 
tral 
pitch. 


Circular 

pitch in 

decimals. 


Circular 
pitch ill 
fractions. 


8 


1047 


1 & ^ ins. 


9 


•349 


i&A 


4 


•785 


f&A 


10 


•314 


i&A 


5 


•628 


# 


12 


•262 


i 


6 


•524 


iinch 


14 


•224 


4&A 


7 

• 


•449 


i&A 


16 


•196 


i&->V 


8 


•393 


» 


20 


•157 


*&A . 



1. To find what number of teeth any wheel of a given 
diameter of pitch circlo will contain, or divide into, of a 
required pitch : — 

BuLE. — Multiply the diameter of the pitch circle in 
inches by the given diametral pitch, and the product is the 
number of teeth. 



TEETH OF WHEELS. 
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Ex, Required tho number of teeth in a M'licel of 15 
inchv 8, and of 6 pitch. 

15 X 6 = 90 teeth of ^ inch circular pitch. 

2. To deternnnc tho diameter of pitch circle to contain 
a given number. of teeth of a given pitch : — 

"Rule. — Divide the given number uf teeth by the required 
diametral pitch, and the quotient is tho diameter of pitch 
cu:clc. 

Ex. What diameter of pitch circle is necessary for a 
wheel of 172 teeth and of 16 pitch ? 

172-^ 16 = 10*75 inches, — circular pitch = iV of ^^ 
inch. 



Table of approximate mtmhers hy which to deter- 
mine the diameter of any pitch circle for a toothed 
wheel when the pitch of teeth and number are given ; 
also, to find what number of teeth of a given pitch 
any given diameter of pitch circle will divide into. 



Pitch 


To find 


To find 


Pitch 


To find 


To find 


in 


the 


the namber 


In 


the 


the number 


inches. 


diameter. 


of teeth. 


inches. 


diameter. 


of teeth. 


i 


'1592 


6*2832 


2 ins. 


•6366 


1*5708 


1 


•1989 


5*0266 


24 


•6764 


1*4773 


i 


•2387 


4*1888 


2i 


•7135 


1*3963 


V 


•2785 


3*5901 


2S 


•7560 


1*3240 


1 inch 


•3183 


3*1416 


2i 


•7958 


1*2566 


'i 


•3568 


2*7926 


n 


•87.54 


1*1333 


li 


•3979 


2*5132 


3 ins. 


•9.547 


10172 


1* 


•4377 


2*2848 


H 


1*0345 

• 


•9667 


^ 


•4774 


20944 


H 


11141 


•8976 


h 


•5141 


1*9264 


4 


1*2732 


•7854 


n 


•6370 


1-79.52 


5 


1*5915 


•6283 


1* 


-.5937 


1*6755 


6 


1*9095 


•5236 



4G TEETH OF WHEELS. 

Rule 1.— Multiply the nnmbers corresponding to the 
pitch in the columns 2 or 5, and the product is the diameter 
of pitch circle in inches. 

Ex, Suppose a wheel of 123 teeth is required of 2^ 
pitch. 

•6764 X 128 3z 86*5792 or 86} and -^ inches the diameter. 

Bulb 2. — Multiply the numhers corresponding to the 
pitch in columns 3 or 6, and the product will show the 
numher, plus or minus, that the circle will divide into at 
the given pitch. 

Ex, A pitch circle is required to be divided into 1 J inch 
pitch, the diameter is 4d| inches; what will be the number 
of teeth? 

2*0944 X 43'5 = 91*1 teeth, henco the circle is plus -^th 
of the pitch towards another tooth. 

The diameter of pitch circle being given, and also the 
number of teeth required, — To find the pitch into whicli it 
will divide. 

BuLE. — ^Multiply 3*1416 by the circle's diameter in inches, 
and divide the product by the number of teeth ; the quotient 
is the pitch in inches. 

Thus, suppose a pitch circle of 43.^ inches to be divided 
into 91 teeth, what will be the pitch? 

3'1416 X 43-5 = ^^^'^^^^ = 1-501 inches, and 

91 

such measurements can only be obtained from the decimal 
scale of inches, as annexed in the work. 
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47 



Pitch of the Teeth of Wheels proportionate in 
strength to a given amount of Horses^ Power nominally, 
at various velocities. 



Fitch Thickness Breadth 
of Teeth hi hichea* 



4 

^ 

3 

2* 
2 

1 

1 

1 

1 

1 inch 



1-9 

1-6 

1-4 

1-2 
•95 
•83 
•71 
•59 
•53 
•48 



8 

7 

6 

5 

4 

3-5 

3 

2-5 

2-25 

2 



Velocities at the Pitch Circles, 
in feet per minnte, viz., 

180 240 300 420 



Horses* Power. 



19 


25-5 


32 


14-75 


19-5 


24-5 • 


11 


14-5 


18 


7-5 


10 


12-5 


4-75 


6*25 


8 


3-5 


5 


G-25 


2-75 


3-5 


4-5 


2 


2-5 


3125 


1-5 


2-25 


2-5 


1-2 


1-6 


2 



45 

34-25 

25 

17-5 

11 
6*25 
4-5 
3-5 
2*8 
2-5 



Restrictions relative to Wheels and Pinions in working 
contact, that ought to be attended to, 

1. When wheels drire piniong, let no pinion have less 
than 8 teeth, rather 11 or 12 if possibly convenient. 

2. When pinions drive wheels, let no pinion have less 
than 6 teeth, rather 8 or 9. 

3. The number of teeth in a wheel should be prime to 
the number of teeth in a pinion : that is, suppose a pinion 
to contain 9 teeth, and required to make 6 revolutions for 
1 of tlie wheel; 6 times 9 = 54 teeth, and one added = 55 
tcetii in the wheel. 

4. To increase or diminish velocity in a given proportion, 
and with the least quantity of wheel work, let tlie number 
of teeth on each pinion be to the number of teeth on its 
wheel as 1 to 6 ; that is, never let more than 6 teeth be iu 
the wheel for 1 in the pinion. 
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piTcn cincLES of wheels. 



Table of iJie Pitch Circles of Wheels, from 



Pitch of the Teeth in inches. 



II 



11 

12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 



J f } i lin. IJ li 



1^ 



li 



Diameter of Fitch Circle in feet and inches. 


































































8i0 9 

8|0 9 

9 10 

9^ 10 

9| 10 



9i- 
10: 
OlOi 
OlOJ 

oiiir 



OIU 

llir 

Ollf 

1 
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11 to 150 Teeth, of a given FitcJu 






Fitch of the Teeth in inches. 



If f 1| 2 in. 2^ 2^ 2^ 2f Sin. 



Diameter of Pitch Circle in feet and inches. 



11 
12 
13 
14 
15 



5f 6i 

elo 6^ 
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PlTCn CIRCLES OP WHEELS. 



Pitch of the Teeth 




n inches. 



1 in. 



i li «* 1* 



Diameter of Pitch Circle 



n feet and inches. 




PITCH CIRCLES OP WHEELS. 
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Pitch of the Teeth in inches. 



1} 1| 2 in. 2^ 2^ 2^ 2} Sin. 
Diameter of Pitch Circle in feet and inches. 



2 3 



lUf 



3 
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PITCH CmCLES OF WHEELS. 



II 



Pitch of the Teeth in inches. 



i I } f lin. li li If IJ 



Diameter of Pitch Circle in feet and inches. 



66 
67 

68 
69 
70 

71 
72 

73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 

88 
89 
90 

91 
92 
93 
94 
95 




Hi 

Olio 

11- 
Hi 
Ollj 



I 2i 




II 



2 8} 

2 8| 

2 9 

2 9f 

2 9| 

2 10} 
2 10| 
2 11 
2 llf 
2 11^ 



0^ 

o| 

1 

1| 
ll 



111 



li 



3 5^ 



3 



3 5| 
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Pitch of the Teeth in inches. 



^1 



If If 1} 2 in. 2^ 2^ 2^ 2| 3 in. 
Diameter of Pitch Circle in feet acd inches. 
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PITCH CIRCLES OP WHEELS. 



H 

'A 



96 
97 
9b 
99 

100 I 

101 ' 
102; 
103 I 
104 

105 

I 
106 

107 

108 

109 

110 

in 

112 
113 
114 
115 

116 
117 
118 
119 
120 

121 
122 
12:3 
124 
125 



Fitch of the Teeth in inches. 



4 * J 4 lin. li li 1| 



Diameter of Fitch Circle in feet and inches. 

2l0f 
2 10| 
2 11 
2 11f 

2 111 8 



2 5| 



2 9f 



ii 
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o 



Pitch of the Teeth in inches. 



01 t: 

u 

'A 



1| 1} 1} 2 in. 2^ 2i 2i 2} Sin. 
Diameter of Fitch Circle in feet and inches. 
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PlTCn CIRCLES OP WHEELS. 






Pitch of the Teeth in inches. 



i i 



i I in. 1^ li If li 



Diameter of Fitch Circle in feet and inches. 
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Pitch of the Teeth in inches. 



.3^ 



If 1} Ij 2 in. 2i 2^ 2i 2} Sin. 
Diameter of Fitch Circle in feet and inches. 




PROPERTIES OP STEAM. 69 

number 459, divide the greater sum by the lesser, multiply 
the quotient by the volume at the lower temperature, and 
the product is the expanded volume in equal terms of unity. 

Ex. If the volume of steam produced from water at 212° 
Fahrenheit equal 1711 times the bulk of the water from 
which it is produced, what will be the expanded volume at 
250'3°, supposing the pressure to be the same in both cases ? 

250-3 + 459 ^_709:3^j7,l^j3,g.gg 



212 + 459 671 
To find the elastic force of steam at any given tempe- 
rature:— 

KuLE. — To the indicated temperature of the steam in 
degrees of Fahrenheit add 100, multiply the sum by '00564, 
and the sixth power of the product equal the force in inches 
of mercury, which being multiplied by *491, equal lbs. per 
square inch elastic force. 

Ex, Suppose steam at a temperature of 262° Fahrenheit. 

262° + loo X -00564 = 2'041686«= 74 inches of mer- 
cury, and 74 X '491 = 36-3 lbs. elastic force. 

Steam possesses the property of expansive force, and in 
the following ratio, viz. : If expanded to double its volume 
of formation, its retaining force equals one-half, if to three 
times its volume, one-third, if to four times its volume, 
one-fourth, &c., in an inverse ratio with the degree of ex- 
pansion; hence the beneficial properties of high-pressure 
steam in preference to low pressure in the economical 
working of a steam engine, if cut off early in the stroke, 
and continued to the end by expansive force. Thus, let 
dense steam be stopped off from the cylinder of an engine 
at one-half the stroke, the mean elastic force of the steam 
throughout the whole stroke equal 1*7; that is, the dense 
steam equal 1, — and the same steam expanded, terminate 
at half the original density, but by its increase of volume 
and diminution of elastic force, seven-tenths of the original 
elastic force is economised by the property of its expansiojfi ; 
and similar values are obtained in similar ratios when 
stopped off at any other point of the stroke, as in the fol- 
lowing table : — 



60 



STEAM FEOM SEA WATER. 





i 




1-7 






^ 


of the stroke, the 


21 


of mean elastic 


Steam 


i 


uniform ehistic 


2-4 


force throughout 


stopped 


i 


force hy density 


2*6 


the whole stroke 


off at 


i 


and expansion 


2*8 


in terms of initial 




i 


equal 


30 


density. 


■ 


i 




32 





To determine where steam of any given density must he 
cut off, so as to retain a certain amount of elastic force at 
the end, or any other required point of the stroke. 

Rule. — ^Multiply the required elastic force of the steam 
at the given point or termination of the stroke, as it may 
he, and divide the product by the given force of the dense 
steam ; the quotient is the distance from commencement of 
the stroke at which the dense steam must be cut off. 

Ex, Suppose steam at 20 lbs, per square inch, length of 

stroke 24 Indies, and at the termination of the stroke the 

steam to have an elastic force of 7 lbs. per square inch. 

7 X *'4 

' ^L- =: 8'4 inches from the commencement of the stroke. 

20 

Salt or sea water does not boil at an equal temperature 
with that of fresh water, consequently it is an inferior me- 
dium of calorific reception for the production of steam, and 
as the water becomes evaporated, so is saturation approxi- 
mated and a higher temperature required to produce steam 
of equal density to that from fresh water. 

Sea water naturally holds in solution about -gi^rd its 
weight of salt, which becomes more and more augmented 
by evaporation, each grade as approaching to saturation 
requiring a higher degree of temperature in attaining the 
boiling point ; thus, sea water in its natural state boils at 
213*2^^ Fahrenheit ; at ^rds of saturation the boiling point 
is 214-4°; at ^rds it is 215*5°; and at ^rds the boiling 
point is elevated to 216*7° : and which grade of saturation 
the water in any sea-going yessers boUers ought never to 
be allowed to exceed. 
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Elastic force of steamy and corresponding temperature 
of ike water with which it is in contact. 



lbs. 


Temperature In deg 


Avs. 








Fabrenhdt 


Reanmnr. 


1 


216-8 


81-9 


2 


219-6 


83-8 


8 


222-7 


84.7 


4 


225-6 


86*0 


6 


228-5 


87-8 


6 


231-2 


88-5 


7 


233-8 


89-7 


8 


236-8 


90-8 


9 


238-7 


91-9 


10 


241-0 


930 


11 


243-8 


93-9 


12 


245-5 


94-9 


18 


247-6 


95-8 


14 


249-6 


96-7 


15 


251-6 


97-6 


16 


253-6 


98-5 


17 


255-5 


99-8 


18 


257-8 


1001 


19 


259-1 


100-9 


20 


260-9 


101-7 


21 


262-6 


102-5 


22 


264-8 


103-2 


28 


265-9 


104 


24 


267-5 


104-7 


25 


269-1 


105-4 


26 


270-6 


106-0 


27 


272-1 


106-7 


28 


273-6 


107-4 


29 


2750 


108-0 


30 


276-4 


108-6 



Volnme of 
tteam com- 
pared with 
volume of 
water. 



102-4 
104*2 
105-9 
107-6 
109-2 
110-7 
112-1 
113-5 
114*8 
116-1 
117-4 
118«6 
119-8 
120-9 
122-0 
123-1 
124-2 
125-2 
126-2 
127-2 
128-1 
129-1 
129-9 
130*8 
131-7 
132-6 
133-4 
134-2 
135-0 
135-8 



1573 

1488 

1411 

1348 

1281 

1225 

1174 

1127 

1084 

1044 

1007 

978 

941 

911 

888 

857 

838 

810 

788 

767 

748 

729 

712 

695 

679 

664 

649 

635 

622 

610 



Cubic 

inches of 

water in a 

cubic fbot 

of steam. 



1-099 
1-162 
1-226 
1-287 



1' 
1' 
1- 
1- 
1* 
1- 
1' 



•350 
-411 
•474 
-536 
•597 
•658 
•719 
1-779 
1-840 
1-910 
1-969 
2-021 
2079 
2138 
2198 
2258 
2-316 
2376 
2483 
2-493 
2-552 
2-610 
2-670 
2-725 
2-787 
2-842 



F 
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rOBGB OF STEAM. 



lbs. 
Avs. 



TemlKiratiire in degrees of 
Fahrenheit Rcanmnr. Centigrade 



SI 
82 
S3 
34 
85 
36 
37 
38 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
58 
54 
55 
56 
57 
58 
59 
60 
61 
62 
68 



277-8 
279-2 
280-5 
281-9 
283-2 
284-4 
285-7 
286*9 
288-1 
289-3 
290-5 
291-7 
2929 
294-2 
295-6 
296-9 
298-1 
299-2 
300-3 
301-3 
302-4 
303-4 
304-4 
305-4 
306-4 
307-4 
308-4 
809-3 
310-3 
311-2 
312-2 
313-1 
314*0 



109*2 

109-9 

110-4 

111-1 

111-6 

112-2 

112-8 

113-3 

113-8 

114-4 

114-9 

115-4 

116 

116-5 

117-2 

117*7 

118-3 

118-8 

119-2 

119-7 

120-2 

120-6 

1211 

121-5 

1220 

122-4 

122-8 

123-2 

123-7, 

124-1 

124-5 

124-9 

125-3 



136-6 
137-3 
138-1 
138-8 
139-6 
1402 
140-9 
141-6 
142-3 
142-9 
143-6 
1443 
144*9 
145-7 
146-4 
147-2 
147-8 
148-4 
149*1 
149-6 
150-2 
150-8 
151-3 
151-9 
152*4 
153-0 
153-6 
154-1 
154*6 
1551 
155-7 
156-2 
156-7 



Yolnmeof 


Cubic 


steam i*xim- 


inchps of 


pared with 


water in a 


Tolnine of 


cubic foot 


water. 


of steam. 


598 


2-899 


586 


2-958 


575 


3015 


564 


3-074 


554 


3130 


544 


3-188 


534 


3-248 


525 


3-304 


516 


3-361 


508 


3-415 


500 


3 562 


492 


3-469 


484 


3-526 


477 


3-585 


470 


3-700 


463 


3-756 


456 


3-814 


449 


3-865 


443 


3-927 


437 


3-981 


431 


4037 


425 


4-094 


419 


. 4*143 


414 


4-204 


408 


4*256 


403 


4*309 


398 


4*363 


393 


4-419 


388 


4*476 


383 


4-535 


379 


4-583 


374 


4*645 


370 


4-695 



FOBOE or STEAM. 



63 











Volnme of 


Gabic 


lbs. 
Avs. 


Temperature In degrees of 


steam com- 
pared with 


inches of 
water in a 










volume of 


cnbic foot 




Fahrenheit 


Reamnnr. 


Centigrade 


water. 


of steam. 


64 


S14*9 


125-7 


157-2 


366 


4-747 


65 


315*8 


1261 


157-7 


362 


4-812 


66 


316-7 


126-5 


158-2 


858 


4-826 


67 


317-6 


126-9 


1587 


354 


4-881 


68 


318-4 


127-3 


159-1 


350 


4-937 


69 


3193 


127-7 


159-6 


346 


4-994 


70 


320-1 


1280 


160-1 


342 


5052 


71 


821-0 


128*4 


160-6 


339 


5-097 


72 


321*8 


128*8 


161-0 


335 


5-158 


73 


322-6 


129-2 


161-4 


333 


5-205 


74 


323-5 


129*6 


161-9 


328 


• 5*268 


75 


324-3 


129-9 


162-4 


325 


6-317 


76 


325-1 


130*3 


162*8 


322 


5-366 


77 


325-9 


130-6 


163-3 


319 


5-416 


78 


326-7 


1310 


163-7 


316 


5-468 


79 


327-5 


131-3 


164-2 


313 


5-521 


80 


328-2 


131-6 


164-8 


310 


5-574 



Note. — In the application of any of the above indicated 
pressures of steam to a condensing engine, 15 lbs., or one 
atmosphere, must bemadded, because the effective pressure 
in a condensing engine is the indicated pressure plus the 
atmospheric pressure, minus the resisting vapour remaining 
in the condenser, as shown by any indicator diagram taken 
from the cylinder, by which to test the merits or demerits 
of the engine in regard to useful effect. 

Thus, suppose an indicated pressure of 18 lbs. per square 
inch is applied to a condensing engine, — 18 + 15= 33 lbs. 
as initial density, but the diagram taken shows existing 
vapour in the condenser, or other defects equid to 6^ lbs.; 
consequently, 33 — 5j = 27j lbs. per square inch of 
effective force upon the piston's area. 



64 BEMABK8 ON STEAU. 

The steam engine is rendered an arailable source of 
motive power though the following innate properties of 
steam, Tiz. : — elastic force, expansive force, and ready sab- 
mission to the destruction of its aeriform state through 
the abstraction of its heat by cold water, thus constituting 
the principles of the condensing engine. 

In engines on the non-condensing principle condensation 
of the steam is evaded by excess of density, and after 
having performed its daty in the cylinder, is allowed to 
escape into the atmosphere ; hence, the atmospheric pres- 
sure on the boiler is a counterpoise to the effluent steam 
from the cylinder, minus its resistance by velocity against 
the pressure of the atmosphere. 

8team, as regards its various theoretical vicissitudes of 
beneficial effect in the steam engine, has long been investi- 
gated and experimented upon by eminent engineers, and 
tiie results of their researches and experiments have been 
given as data by which to construct upon, both relative to 
economy and design of modification, suitable to the nu- 
merous useful purposes to which the steam engine is 
applied. 

In the constructing and working of stationary engines, 
it is necessary to be guided by some restricted velocity for 
the piston in a given time (jiayfeet per minute)^ whereby 
to effect a maximum of power from a given pressure of 
steam necessary to the required performance of machinery, 
&c., at a steady uniform rate of motion ; but engines for 
marine purposes, or for locomotive purposes, have no re- 
stricted velocities to contend with, otherwise than econo- 
mising of fuel and unavoidable want of steam occasionally. 

Several empirical rules have been, and still are, in use, 
whereby to determine the most advantageous velocities for 
the pistons of steam engines, through which to obtain a 
maximum of useful effect ; but, having found them so con-^ 
tradictory, I have abandoned the idea of any rule in that 
respect, and substituted the following table, being from the 
practice of eminent engineers, and combined with my own 
practical observations, as strictly attended to. 



VELOCITY OF PISTONS, 
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Tahle' of Velocities for the Pistons of Stationary 
Engines, with given lengths of stroke. 



Condensing Engines. 


Non-Condensing Engines. 


Length in 


Namber 


Velocity 


Length in 


Number 


Velocity 


feet and 


per 


in feet 


feet and 


per 


in feet 


inches. 


minute. 


per minute. 


inches. 


minuter 


per minute. 


2 


42 


168 


9 


100 


150 


2 3 


38 


171 


1 


80 


160 


2 6 


35 


175 


1 3 


70 


175 


2 9 


32 


176 


1 6 


62 


186 


3 


30 


180 


1 9 


55 


192} 


3 3 


28^ 


185^ 


2 


50 


200 


3 6 


27 


189 


2 3 


46 


207 


3 9 


26 


195 


2 6 


42J 


212} 
217} 


4 


25 


200 


2 9 


39} 


4 6 


23 


207 


3 


37 


222 


5 


21* 


215 


S 3 


35 


228} 


5 6 


20 


220 


3 6 


S3 


231 


6 


19 


228 


3 9 


31 


232} 


6 6 


n 


237J 


4 


29i 


236 


7 


245 


4 6 


27 


243 


8 


16 


256 


5 


24j 


247} 



The usefal effect of steam engines, independent of loco- 
motives, are estimated in terms of horses' power, one horse's 
power being an equivalent to 33,000 lbs. Avoirdupois, 
raised through one foot per minute; but the density of the 
steam taken into calculation causes a distinction of terms 
of expressed effect, the one being taken at a constant 
uniform pressure of 7 lbs. per square inch, which constitute 
nominal horses* power; the other is the mean effective 

gressure of steam taken by an Indicator, and called actufd 
orses' power. The following are the general relative 
rules: — 

Bulb 1. — Divide the product of 33000 multiplied by the 
required number of horses* power, by the product of the 
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PITCH CIRCLES OP WHEELS- 



Pitch of the Teeth in inches. 



i * } i lin. IJ li If li 



Diameter of Pitch Circle in feet and inches. 



3 



5 2 



I lOi 



I44'l 
145;i 

146!l 

147 1 

148 1 



5 4^ 



3 



4 5l 



PITCH CIRCLES OF WHEELS. 
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Fitch of the Teeth in inches. 






If 1} H 2 in. 2i 2i 2} 2f Sin. 
Diameter of Fitch Circle in feet and inches. 
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POWERS OF ENGINES. 



Table of tJie diameters of cylinders for condensing 
engines of nominal Tiorses* jpower, the strokes of 
jorqportionate lengths, and the dense steam 7 lbs. 
joer square inch above atmospheric pressure. 



SUtlonaiy Engines. 



ill 



10 
12 
14 
15 
16 
18 
20 
24 
25 
28 
30 
85 
40 
45 
50 
60 



ill 

m 



• 8 . 






Hi 

m 



28^ 
27 

»> 
26 

25 

24 

23 

22 

21J 

20 

»> 
19^ 

19 

»» 
18} 

18 



> 



185^ 
189 

j> 
195 

200 

204 

207 

209 

215 

220 

»» 
224^ 

228 

234 
234 



Marine Engines. 




Note. — ^The diameter of air pump for any stationary 
engine equal *67 ; and the diameter for the same in a ma- 
rine engine equal *58 of the cylinder's diameter in inches, 
at half the stroke of the engine. 



POWERS OF EKQINEB. 



JbbU of the diameters of cylinders fir wm-amden- 
titig engines of actual horses' power, the strokes of 
proportionate lengths, the dense steam 30 lbs. per 
square inch, and etU off at \ths of the stroke. 



HortM' 


ofcyUndui 


Lengtb> 
ofitrakca 


«..b« 


Vdodly In 
feet per 


¥ 


power. 


taUlwt 


loinohM. 


mS^lt 


mtauii 












i 




H 


B 


100 


ISO 




*i 


12 


80 


160 


'tl 






15 


70 


175 


W4 




6* 


„ 


— 


- 




6i 


18 


63 


186 




6i 


31 


B5 


iflai 


~n\ 




7* 


- 


— 




m 




n 


S4 


90 


200 


im 




8i 


— 


— 


— 


liit 




H 


27 


46 


207 


1 




H 


— 


— 


— 




n 


80 


i2i 


213J 




loi 


„ 


— 


„ 


\h; 




11 


33 


89i 


mi 


Sll' 


ao 


"* 


— 


— 


— 


lyi 


25 


ISJ 


86 


37 


222 



Note. — The dense iteam at 30 Ibi. per aqnare inch, and 
GODttnned to jths of the itroke in a non-condeDBiDg engine, 
1b conddered a ^r arersge effectire power per horae, in a 
commercial point of ii«w. 
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FORCE OF STEAM. 



Tahh of the mean elastic force of steam in pounds 
jper square inch in a steam engine, at various grades 
of eospansion* 



c g 2 

•-• ♦» ^ 



9 

^ 11 



12 
13 
14 
15 
16 
17 
18 
19 
c 20 
•fl 25 
I 30 
& 35 
I 40 
^ 45 
^ 50 



o 



I 



Dense steam cut off after the piston has 
passed through the followhig parts of the 
stroke, viz, : — 



I or -8 



ior-2 


Jor'25 


*or-4 


^or '5 


4 or '6 


for -75 


4-69 


5-37 


6-89 


7-62 


813 


8-67 


5-22 


5-97 


7-67 


8-46 


903 


9-64 


5-74 


6-56 


8-43 


9-31 


9-94 


10-60 


6-26 


7-16 


919 


1016 


10-84 


11-57 


6-78 


7-75 


9-96 


11-01 


11-75 


12-53 


7-31 


8-53 


10-73 


11-85 


12-65 


13-49 


7-83 


8-95 


11-49 


12-69 


13.55 


14-46 


835 


9-54 


12-26 


13-54 


14-46 


15-42 


8-87 


10-14 


1303 


14-39 


15-36 


16-38 


9-39 


10-74 


13-79 


15-24 


16-27 


17-35 


9-92 


11-33 


14-56 


16-81 


17-17 


18-31 


10-44 


11-93 


15-83 


16-93 


18*07 


19-28 


1304 


14-91 


19-16 


21-16 


22-59 


24-09 


15-65 


17-89 


22-99 


25*39 


27-11 


28-91 


18*26 


20-88 


26*83 


29-63 


31-63 


83-73 


20-87 


23-86 


30-66 


33-86 


36*15 


38-55 


23'48 


26*84 


34-88 


38-09 


40*66 


43-37 


26-09 


29-82 


38-32 


42*33 


45-18 


48*19 



8*80 
9-78 
10-76 
11-74 
12*72 
13-97 
14*68 
15*66 
16-63 
17-61 
18-59 
19-57 
24-46 
29-35 
84*24 
39-04 
44-03 
48*92 



Ex, If dense steam be admitted to the cylinder of an 
engine at 35 lbs. per square inch, and cut off when the piston 
has moved through -^ths of the stroke, the mean elastic 
pressure during &e whole stroke is 81*63 lbs. per square 
inch, as obtained by initial density and expansive force. 
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On Steam Boilers, 

In the formation or construction of boilers for steam 
engines, safety and economy are the principal restrictions : 
capacity for water, and steam, superficial heating surface, 
and sufficient area of fire grate unconfined for ignition of the 
gases, are laid down as acknowledged rules, viz., 25 to 27 
cubic feet capacity, 9 to 12 square feet heating surface, and 
not less than |ths of a square foot of fire grate surface to 
each nominal horse power ; but, relative to fire grate sur- 
face, it is only where coal is used as fuel that the given 
dimensions apply. Where wood is the fuel employed, a 
much greater fire surface is required, particularly in length, 
BO as to receive the billets cut at convenient lengths ; and 
in tropical climates generally, it is highly recommended to 
form, if possible, a stream of running water in the direction 
of the flame, fore and aft the boiler, covered in its length 
everywhere, but immediately under the fire grate. I 
found the plan very beneficial in India, South America, and 
in some parts of Australia, where megass or crushed sugar 
cane, and wood are the only fuels that can at any reason- 
able rate be obtained. The stream suits the two-fold pur- 
pose of carrying away the falling ashes from the fire, and 
also assists in maintaining a colder current of atmospheric 
air to the fire for the support of combustion. 

Thin films of water as water spaces in boilers are very 
objectionable, and ought to be carefully avoided, where 
possible, in the construction, particularly over fierce fire or 
flame in a horizontal position; and even yertical water 
spaces ought to be wider at top than bottom, so as to allow 
more free egress for the steam in its formation. Again, in 
flat surfaces stays are unavoidable; but in the wear of 
boilers anxious examination, whenever an opportunity 
occurs, ought not to be neglected, as frequently an action 
takes place around the ends or nuts of some of the stays 
inside the boiler, as if the plate had been put upon a face 
plate in a lathe and hollowed out with a round pointed 
tool. 
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SAFETT VALVES. 



Table of Dimensions for boilers of a cylindrical form, 
the engines of nominal horses* jpower. 



Number 


Length of 


Length of 


Dlam, of 


Width 


Namber of 


of hones' 


boilers in 


fire bars hi 


boilers hi 


of 


anddiam. 


power. 


feet 


feet A his. 


feet 


Aimaoe. 


of flues. 










ft. in. 




1 


6 


1 7 


H 


1 4 




— 


2 


71 


2 


2 


1 6 


i 


-^ 


3 


9 


2 4 


2| 


1 8 


m* 

m ^ 


._ 


4 


10 


2 9 


3 


1 9 


o 


i— . 


5 


11 


2 11 


3J 


2 


— 












ft in. 


6 


12 


3 2 


3} 


2 3 




[1 6 


8 


14 


3 8 


4 


2 4 


^ 


1 8 


10 


15^ 


4 


4i 


2 8 




0) 


1 11 


12 


16 


4 2 


5 


2 11 


2 


14 


m 


4 7 


H 


3 


§ 


2 3 


15 


18 


4 9 


5i 


3 2 




-2 4 


16 


18J 


4 10 


5j^ 
5| 


3 3 


i 


ri 7 


18 


19 


6 


3 4 


ii 
^ < 


1 8 


20 


20^ 
22} 


5 4 


6 


3 6 


o 


1 9 


25. 


5 9 


6} 


3 11 




[2 



Note. — ^For greater powers of engines two boilers are 
preferable to one of extended dimensions. 

To find the indicated pressure^ force, or density of 
steam by a properly adjusted safety valve. 

Rule — Multiply the square of the opening in the boiler 
or narrowest diameter of the valve seat by *7854, and the 
product is the area in terms of the dimensions given. 

Ex, 1. Let the diameter of opening or seat of valve equal 
6f inches, required the area. 

6'375a = 40-64 X '7854 = 31-9 &c. square inches. 
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Suppose an indicated pressure of 12 lbs. per square inch 
is required, and the weight attached to the valve, the weight 
of vHlve and attachments 16| lbs., what weight will be re- 
quired ? 

31-9 X 12 =382-8 - 16-5 = 366-3 lbs. 

If the pressure on a safety valve is to be effected by a 
lever and weight, or by a lever and spring balance, fix the 
lever properly into its situation ; then, with a spring balance 
attached immediately at that point of the lever where it 
rests upon the valve, raise the spring balance by hand 
untU the lever is level, then the index of the. spring balance 
will show the amount of action or downward tendency the 
lever has, by gravity and leverage, to press down the valve. 
Multiply the total pressure of steam required upon the 
valve by the distance between the centre of pin on which 
the lever moves, and centre of va've; subtract from the 
product the action of the lever, plus the weight of the 
valve, divide the remainder by the distance between centre 
of pin and weight or spring balance attached to the lever, 
the quotient is the weight required or indicated pressure 
by spring balance, when steam is just at point of blowing 
off. 

Take the preceding example as the area of valve and 
pressure of steam required, distance from centre of pfn to 
centre of valve 6^ inches, distance from centre of pin to 
weight or spring balance 32| inches, action of lever 14 lbs, 
weight of valve 7^ lbs, and required pressure 12 lbs. per 
square inch. 

Area of valve = 31*9 square inches X 12 lbs. = 382*8 lbs. 
total pressure required. 

Action of lever and weight of valve = 14 + 7*25 = 
21*25 lbs. ; then, 

382*8 X 6*5 = 2488*2 - 21*25 = 2466*95 _ yg ^bs to be 

32*5 
suspended by the lever at that point, or indicated weight 
by spring balance. 

G 
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'Again : suppose all circumstaDces as above, vhat will be 
the pressure on each square inch of the safety y^ye ? 

32-5 X 76 = 2470 + 21-25 = 2491*25 ; and 

31*9 X 6-5 = 207*35; hence 

2491*25 



207*35 



= 12 lbs. per square inch. 



£x, 2. Suppose the diameter of a safety valye equal 
4| inches, the distance between centre of pin and centre 
ot yalye 5 inches, distance between centre of pin and point 
on the leyer at which the weight is suspended equal 
30 inches, weight of yalye and action of leyer 9 lbs., weight 
or indicated pressure by spring balance 76 lbs., required 
the pressure in lbs. per square inch on the ya^ye. 

4*375* X •7854 = 15 inches area, 

and 76 X 30 + 9 = 2239, also 15 X 5 = 75 ; 

QQQQ 

hence ^^--- = 30*52 lbs. per square inch. 
75 

Again, suppose the pressure is to be reduced to 25 lbs. 
per square inch, under the same circumstances ; to what 
distance on the leyer from the centre of pin must the 
weight or spring balance be placed ? 

15 X 25 — 9 = 366 X 6 = 1??^ = 24 inches. 

76 

Sometimes where it is inconyenient, for the want of a 
spring balance, to ascertain the action of the leyer on a 
safety yalve, the lever is extended in length beyond its pin 
or fulcrum on which it moyes, and a small ball of any 
metal attached, as a counterpnoise to the leyer. 

As a rule for the proportioning of safety yalyes with 
leyers, the distance between fulcrum and centre of yalye 
equal the diameter of the yalye, and the distance between 
weight or spring balance as many times the yalye's dia- 
meter as there are square inches in its area. 
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ON LOCOMOTIVE ENGINES. 



Table of co-efficients for facilitating the comjputation 
of effect hy Locomotive Engines. 



ILengths 
1 of 


Diameters of Driving Wheels in Feet. 


! strokes 


4 1 4i 5 5J 1 6 1 6J 1 7 


in inches 


Co-efficients. 


20 


•2652 


•2393 


•2122 


•1929 


•1768 


•1632 


•1516 


19 


•2519 


•2273 


•2016 


•1832 


•1679 


•1550 


•1440 


18 


•2386 


•2153 


•1910 


•1736 


•1691 


•1468 


•1364 


17 


•2254 


•2034 


•1803 


•1640 


•1503 


•1387 


•1288 


16 


'2121 


•1914 


•1697 


•1543 


•1415 


•1306 


•1213 


15 


•1989 


•1795 


•1591 


•1447 


•1326 


•1224 


•1137 


14 


•1856 


•1675 


•1485 


•1350 


•1237 


•1141 


•1061 


13 


•1724 


•1565 


•1379 


•1254 


•1149 


•1061 


•0985 


12 


•1591 


•1436 


•1273 


•1157 


•1061 


•0979 


•0909 



1. To determine the amount of tractive power a locomo- 
tive engine is capable of exerting on a level line of railway 
with a given force or pressure of steam, the following being 
given, viz, : — 

Diameters of cylinders. 
Lengths of strokes. 
Diameters of driving wheels. 
Indicated force or density of steam. 
Pounds per ton of tractive power. 

Bulb. — Multiply the sum of the areas of the pistons in 
inches by the given pressure of steam in lbs., and by the 
co-efficient in the table coinciding with the length of stroke 
and diameters of driving wheels ; the product is the total 
amount of tractive power in lbs. — Divide the product by 
the tractive power per ton in lbs., and the quotient is the 
gross load the engine is equal to in tons on a level railway. 

Ex, Suppose an engine with cylinders of 13 inches dia- 
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meter, ttrolEes 18 inches in length, driying wheels 5} feet 
in diameter, and steam at 40 lbs. per square inch, required 
the gross load in tons the engine's power is equal to. 

ia« X -7854 r= 132*7 inches in area. 
X 2 in number. 

265*4 
X 40 lbs. per square inch. 

10616^ 

X -1736 oo-efficient. 

1842*9376 or 1843 lbs. tractire power. 

Then 1843 -f- 9*5 = 194 tons gross load; and suppose the 
engine and tender equal 18 tons, — 194—18 = 176 tons 
weight of train. 

2. To ascertain what pressure of steam is necessary for 
a locomotire engine of given weight and dimensions, with 
a known weight of train attached. 

Rule.— Multiply the sum of the areas of the cylinders 
by the proper co-dficient, as before described, for a divisor ; 
again multiply the gross load of the train in tons by the 
tractive power in lbs. per ton ; divide the product by the 
divisor, and the quotient is the indicated pressure of steam 
required in lbs. per square inch. 

Ex, An engine and tender of 18 tons in weight, and 
train 176, or gross weight 194 tons, what force of steam per 
square inch will be required with the above engine to trans- 
port that load upon a level line f 

265*4 sum of the two areas. 
X '1786 co-efficient. 

15924 194 tons gross load. 

7962 X 9*5 lbs. tractive power per ton. 

18578 970 

2654 1746 

46 \07844 1843-0 

Hence 1843 -r 46 := 40 lbs. per square inch. 
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In ascending any inclined plane with an engine, the 
weight or resistance to traction is augmented by gravity 
as the rise or incline of the plane is to the height ; hence 
if 1 ton, or 2240 lbs., be the unit of weight, 9^ lbs. the unit 
of traction per ton upon a level line, and 1 in 350 the 
inclination of the plane, then 2240 -f- 350 = 6*4, and 
9'5 + 6*4 ^ 15*9 lbs. or the force of traction for the same 
weight upon the incline. 

Again, if the train be descending, the force of tcaction is 
diminished in an equal ratio, and the train accelerated by 
gravity ; thus, 9*5 — 6*4 = 3*1 lbs. required for traction on 
the descending plane. 

The resistance to any flat surface 1 foot square passing 
through a still atmosphere at about 1 mile per hour equal 
-005 lbs. Avoir. — and the resistance increases as the square 
of the velocity. Hence, if a train expose an opposing 
frontage of 20 square feet at a velocity of 5 miles per hour, 
5" X 20 X '005 = 2 lbs. per hour; but if the velocity be 
increased to 25 miles per hour, the opposing force of re- 
sistancd on the same frontage equals 25^ X 20 X *005 = 
62*5 lbs. 

To find the time and distance one railway train '\vill 
overtake another, their rate of speed being known: — 

Bole. — As the difference of the speed of the two bodies 
in motion is to the distance gone by one, so is the motion 
of the quicker body to the distance, or term required. 

£x. Suppose a train to be started at a given time, and to 
continue at the rate of 27 miles per hour; in 35 minutes 
after, a dispatch train is sent to overtake the first, at a 
continued speed of 33 miles per hour; how far will the 
first have gone when the second overtakes it ? 

33 • 27 = 6, and 27 -7- 60 = *42 miles per minute, the 
speed of first train ; 

Then -42 X 35 = 14*7, and 6 : 14*7 : : 35 : 85*75 miles 
distant when overtaken; 

And 6 : *42 : : 35 : 2*45 hours, or 2 hours 27 minutes 
from the time of second train. 
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RAILWAY GRADIENTS. 



Table of Railway Gradimts and resistance to trains 

jper ton by inclination. 



Vertical Rise 


atio of 
lination. 


Gravity due to 

incline per ton, 

in lbs. 


Vertical Rise 


atio of 
lination. 


Ity due to 
le per ton, 
albs. 


Per 


Per 


Per 


Per 


mile in 
feet 


chain in 
inches. 


"s 


mile in 
feet 


chain in 
inches. 


«1 


Gra^ 
incUn 

ii 






one in 








one in 




5 


•75 


1056 


212 


28 


4*20 


188*6 


11-89 


6 


•90 


880 


£•54 


29 


4-35 


182*1 


12-30 


7 


V05 


' 754^2 


2*97 


30 


4-50 


176 


12*72 


8 


1-20 


660 


3*39 


31 


4*65 


170*3 


13*15 


9 


1-35 


586*6 


3-82 


32 


4-80 


165 


13*57 


10 


1-50 


528 


4-24 


33 


4*95 


160 


14*00 


11 


1*65 


480 


4*66 


34 


5-10 


155-3, 


14*42 


12 


1-80 


440 


5*09 


35 


5-25 


150-8 


14-85 


13 


1-95 


406*1 


6*51 


36 


5*40 


146-6 


15-28 


14 


210 


377*1 


600 


37 


5-55 


142-7 


15*69 


15 


£•25 


352 


6*36 


38 


5-70 


138*9 


16*12 


16 


2^40 


330 


6*79 


39 


5*85 


135*4 


16*54 


17 


2-56 


310*6 


7*21 


40 


600 


132 


17-00 


18 


270 


293-3 


7*64 


41 


6*15 


128*1 


17*39 


19 


2-85 


277*9 


8*06 


42 


6-30 


125-7 


17*82 


20 


3.00 


264 


8-48 


43 


645 


122-8 


18*24 


21 


315 


251*4 


8-91 


44 


660 


120 


18*66 


22 


3-30 


240 


9*33 


45 


6-75 


117-3 


1909 


23 


3-46 


229*5 


9*70 


46 


6*90 


114-8 


19*51 


»^ 


360 


220 


10*18 


47 


7-05 


112-3 


19*94 


25 


376 


211*2 


10*60 


48 


7-20 


110 


20*36 


26 


3-90 


203^1 


11*03 


49 


7*35 


107*7 


20*79 


27 


4-05 


195-5 


11*46 


50 


7*50 


105-6 


21*21 
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Useful notes connected with steam engines generally. 

The proper length for the connecting rod of a beam 
engine, is the perpendicular distance between centre of 
beam axis and centre of fly wheel shaft. 

The proper length for the side rods of a lerer engine, is 
the perpendicular distance between the centre of lever and 
centre of piston cross- head at half stroke. 

The proper length for connecting rods of direct action 
engines is, the distance between the centre of crank axle 
and centre of piston cross-head at half stroke. 

The proper length for an eccentric rod is, the distance 
between centre of fly wheel shaft, or centre A revolution, 
and centre of stud in traverse shaft, when the valve is at 
half stroke. 

* 

To determine the proper velocity for the governor or 
regulator of a steam engine, or other motive power, the 
length of pendulums being given :•— 

Bulb. — Divide 375 by twice the square root of the pen- 
dulum's length, and the quotient is the number of revolu- 
tions per minute. 

Ex, What number of revolutions ought a governor to 
make per minute, whose pendulums are 24 inches in 
length? 

V24 = 4-899 X 2 = 9*798, and 375 -^ 9*798 = 88*27 
revolutions per minute. 

To find the proper length of pendulums for a governor, 
when the number of revolutions per minute are given : — 

Bulb. — ^Divide 375 by twice the number of revolutions 
per minute, and the square of the quotient is the length of 
pendulums required. 

Ex, When the given velocity for a governor is 38*27 
revolutions per minute, what must be the length of pen- 
dulums? 

38-27 X 2 = 76-54, and 375 -f 76-54 = 4-9« = 24 inches 
in length. 

The governor of an engine is required to make 52 revo- 
lutions per minute during the same time the engine makes 
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66; on the fly-wheel shaft is fixed a 12 inch pulley, and on 
the bottom end of governor spindle a bevel wheel contain- 
ing 36 teeth ; required the diameter of intermediate pulley, 
and also the number of teeth in intermediate wheel by 
which to effect the proper velocity. 

66 X 52 = V 3432 = 58-58 ratio of velocities ; 
Then 66 X 12 = 792 -r- 58 58 = 13*53 inches, diameter 

of intermediate pulley ; 
And 52 X 36 = 18720 -f- 58'58 = 32 teeth in the inter- 
mediate wheel. 
The first driving wheel from an engine or other motive 
power is 5 feet 6 inches in diameter at the pitch line, and 
contains 83 teeth; the engine makes 25 revolutions per 
minute, and the first line of shafting is to make 36 in the 
same time ; what distance apart from centre to centre must 
the shafts be placed, and what must be the diameter of the 
other wheel at the pitch circle ? 

5j feet = 66 inches -j- 2 = 33 ; 
Then 33 X 25 = 825 -f- 36 = 22*9 X 2 = 458 inches, 

diameter of second or driven wheel; 
And 33 + 22*9 = 55*9 inches distance of shafts from 

centre to centre. 
Suppose a wheel or pulley of any given diameter or 
number of teeth, and at any given velocity — say, in this 
example, 45 revolutions per minute — ^what must be the 
diameter of another to be driven by it, and to make 118 
revolutions in the same time ? 

118 -7- 45 = 2*62 ratio of velocities. 

Let the first wheel or pulley equal 36 inches diameter; 
then 36 -r- 2*62 = 13*74, or 13j inches of smaller wheel or 
pulley ; and if it be a toothed wheel, it must contain 14 
teeth, being the nearest number. 

Observe that intermediate wheels, of whatever number 
of teeth, whereby to communicate motion to another, at 
any distance apart, cause no variation in velocity, other- 
rise than would take place were the first and last in im- 
mediate contact 

When a toothed wheel is caused to produce circular 
motion by the constant revolutions of a single-threaded 
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screw, the number of revolutions of the screw to one of 
the wheel equal the number of teeth in the wheel, and as 
the number of threads in the screw is increased^ so is the 
velocity of the wheel. 

Promiscuous gleanings of rules, examjples, and 
observations, for jcn'actical ajpplication of capacity, 
solidity, and density, 

(See Table of Approximations, p. 21, relative to the fol- 
lowing examples). 

1. A rectangular cistern is in length 8^ feet, in width 
5:^ feet, and in depth 4 feet; what is its capacity in cubic 
feet and also in imperial gallons ? 

8-5 X 5-25 X 4 = 178-5 cubic feet, and 
178-5 X 6*232 = 1112-412 gallons. 

2. A rectangular cistern 7^ feet in length, 4} feet in 

width, the depth is required, so that it may be capable of 

containing 520 gallons. 

, 520 
7-25 X 4-5 X 6-232 = 203-818, and gQgigjg = 2*557 feet 

in depth. 

3. In a circular sinking in the earth of 4 feet 9 inches 
diame'ter, and 35 feet in depth, how many cubic yards ex- 
cavated in its formation ? 

4*75« X 35 X -02909 = 22*973 cubic yards. 

Suppose water to spring up in the above sinking until it 
attained a height of 16} feet, how many gallons are therein 
contained, and how many gallons at each inch in depth ? 

4*75* X 16*5 X 4*896 = 1822*162 gallons the whole quan- 
tity, and 4*75 feet = 57 inches diameter. 
Then 57^ x -002832 = 9*25 gallons at each inch in depth. 

4. A cylindrical cistern of sufficient capacity is to be 

formed so as to be capable of containing 12500 gallons, the 

depth to be 1 feet, required the diameter. 

, 12500 
4-895 X 10 = 48*95 and "jgigg = V255-3 = 15*96 feet 

diameter. 
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5. What diameter must I make a cylinder to contain 
5 imperial gallons, the height or depth being intended 
20 inches ? 



353 X 5 



= V^^'S^ = 9*4 inches diameter. 



20 

6^ What must he the diameter of a leaden ball to weigh 
72 lbs. Avoirdupois ? 

•5236 X -415 = -217 and -^ = 6-91 inches diameter. . 

•217 

NoTB. — ^Tlie cube of the diameter of any sphere or ball 

multiplied by *5236 equal its solidity, and *415 equal the 

weight of a cubic inch of lead in lbs. Avoirdupois. 

7. The length of a cast iron round solid shaft is 9^ feet 
and its diameter 6.inches, what is its estimated weight? 

When the length is feet and the diameter inches, the 
multiplier is 2*48. 

Then 6« X 2-48 X 9*5 = 848-16 lbs. Avoirdupois. 

*009 is the approximate for cwts. (see table page 21), 
84816 X -009 = 7*633 cwts. 

Let the same be of wrought iron, required the weight ? 

The multiplier for wrought iron is 2*6. 
Then 6« X 2*65 X 9*5 = 906*3 lbs. Avoirdupois, and 
906-3 X -009 = 8-1567 cwts. 

8. The internal diameter of a fly wheel rim of cast iron 
is 8 feet 4 inches, or 100 inches, the breadth of rim is 
5 inches, and thickness 4, what is its weight in cwts. ? 

100 + 5 = 105 X 5 X 4 X '0074 = 15*54 CWts. 

9. What ought the weight to be for the rim of a fly wheel 
proper for a steam engine of 20 horses' power, the wheel 
16 feet external diameter, and velocity 21 revolutions per 
minute ? 

1368 (constant number) x 20 = 27360, and 

21 X 16 = 336, hence ?^^ = 81*4 cwts. 

336 

Frojperties of the Circle. 

10. It is the most capacious geometrical figure known, 
bounded by equal perimeter or outline. 



PROPERTIES OF THB CIRCLE, 83 

The diameter of a circle equal in area to 1 square unit 
is 1*1284, the circumference of which equal 3*545 in terms 
of the diameter. 

A square of equal area is bounded by 4. And a rectangle 
of equal area, but its length four times its width, equal 
5 in boundary line, inclosing only the same amount of 
areal space. 

Circles are in proportion as the squares of their diameters. 
Any circle twice the diameter of another, contains four 
times the area of the other ; hence, if the area of any circle 
is required to be divided into a given number of equal 
parts, or areas of the whole, square the circle's diameter, 
divide into the number of parts required, and the square 
root of each is the diameter of each, or as many as may be 
required in one area can be added into one sum, and the 
square root of that area equal the diameter. 

The areal unit of square measure being 1, the areal unit 
of a circle equal '7854, or half the circumference multiplied 
by half the diameter ; hence, the area of any circle is equal 
to the square of its diameter multiplied by *7854. 

11. The diameter of a circle equal the sum of the squares 
of the chord of its segment and versed sine, divided by the 
yersed sine ; thus, suppose a segment whose chord is 18 
and versed sine 6. 

18« + 6* = 360 -r- 6 = 60 the diameter of the circle, of 
which it is a part. 

When the length of chord and diameter of circle is given, 
to fiud the versed sine or height of the segment : — 

Bulb. — ^To the radius of circle add half the length of 
chord, multiply the sum by their difference, and the square 
root of the product subtracted from the radius equal the 
yersed sine. 

Suppose the chord of the segment is in a circle of 60 feet 
diameter, required the versed sine. 



30 + 18 = 48, and 30 - 18 = 12, then 
*48 X 12 = V676 = 24, and 30 — 24 = 6, the yersed sine 
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VERSED SIKES. 



TabU of versed sines, chords, and areas of 
circular segments, the semi-circle being unity, or 
•7854 orto^r 



2 


M t • 






Helghta of seg- 
ments in lOOtbs, 

ot the radios 
from 

circumference. 


Chords of 

segments, the 

diameter of 

circle being 

unity, or 1. 


Areas of 
segments, the 
area of semi- 
circle being 
unity, or 1. 


Area of each 
100th of the semi- 
circle on the 
radius from 
circumference. 


•01 


•142 


•00042 


•00042 


•02 


•198 


•00125 


•00085 


•03 


•241 


•00234 


•00109 


•04 


•279 


•00364 


•00130 


•05 


•312 


•00512 


•00148 


•06 


•339 


•00677 


•00165 


•07 


•366 


•00857 


•00180 


•08 


•391 


•01050 


•00193 


•09 


•414 


•01254 


•00204 


•10 


•438 


•01468 


•00214 


•11 


•456 


•01690 


•00222 


•12 


•476 


•01922 


•00232 


•18 


•494 


•02163 


•00241 


•14 


•512 


•02413 


•00250 


•15 


•528 


•02672 


•00259 


•16 


•545 


•02940 


•00268 


•17 


•560 


•03216 


•00276 


•18 


•576 


•03500 


•00284 


•19 


•590 


•03791 


•00291 


•20 


•600 


•04088 


•00297 


•21 ^ 


•614 


•04390 


•00302 


•22 


•627 


•04699 


•00309 


•23 


•639 


•05015 


•00316 


•24 


•650 


•05338 


•00323 


•25 


•662 


•05667 


•00329 



VERSED SINES. 
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Helglits of seg- 
ments in lOOths, 

of the radius 
from 

circumference. 


■ Chords of 
segments, tho 
d'ameter of 
circle being 
unity, or 1. 


Areas of 
segments, tho 
area of semi- 
circle being 
unity, or 1. 


Area of each 
100th of the semi- 
circle on the 
radius from 
circumference. 


•26 


•673 


•06001 


•00343 


•27 


•684 


•06340 


•00339 


•28 


•696 


•06684 


•00344 


•29 


•705 


•07033 


•00349 


•30 


•716 


•07387 


•00354 


•31 


•725 


•07746 


.00359 


•32 


•734 


•08110 


•00364 


•33 


•743 


•034795 


•003695 


•34 


•752 


•08854 


•003745 


•35 


•760 


•09232 


•00378 


•36 


•769 


•09614 


•00382 


•37 


•778 


•10000 


•00386 


•38 


•787 


•10390 


•00390 


•39 


•794 


•10784 


•00394 


•40 


•800 


•11182 


•00398 


•41 


•807 


•11584 


•00402 


•42 


•815 


•11990 


•00406 


•43 


•823 


•12400 


•00410 


•44 


•828 


•12813 


•00413 


•45 


•836 


•13229 


•00416 


•46 


•842 


•13648 


•00419 


•47 


•849 


•14070 


•00422 


•48 


•855 


•14495 


•00425 


•49 


•861 


•14923 


•00428 


•50 


•865 


•15354 


•00431 


•51 


•872 


•15788 


•00433 


•52 


•878 


•16225 


•00437 


•53 


•883 


.16664 


•00439 


•54 


•888 


•171065 


•004425 


•55 


•894 


•17552 


•004455 



H 
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VERSED SINES. 



Beighti of seg- 
ments in lOOttiB, 
of tlie radins 
firom 


Chords of 

segments, the 

diameter of 

circle being 

nnity, or 1. 


Areas of 
segments, the 
kre& of semi- 
circle being 
unity, or I. 


Area of each 
100th of the semi- 
circle on the 
radios from 
drcumference. 


•56 


•898 


•180005 


•004485 


•67 


.908 


•18451 


•004505 


•58 


•908 


•189045 


•004535 


•69 


•912 


•19360 


•004555 


•60 


•917 


•19817 


•00457 


•61 


•922 


•202765 


•004585 


•62 


•926 


•20736 


•004605 


•63 


•931 


•211995 


•004635 


•64 


•934 


•21665 


•004655 


•65 


•939 


•221325 


•004675 


•66 


•943 


•22602 


•004695 


•67 


•946 


•230735 


•004715 


•68 


•949 


•23547 


•00475 


•69 


•953 


•24022 


•00476 


•70 


•955 


•24498 


•00477 


•71 


•958 . 


•24975 


•00479 


•72 


•961 


•25455 


•00481 


•73 


•964 


•25935 


•00483 


•74 


•967 


•26418 


•00484 


•75 


•970 


•26902 


•00485 


•76 


•973 


•27387 


•00486 


•77 


•976 


•27873 


•00487 


•78 


•977 


•28360 


•00488 


•79 


•979 


•28848 


•00489 


•80 


•981 


•29337 


•004875 


•81 


•983 


•298275 


•004905 


•82 


•985 


•303198 


•004923 


•83 


•987 


•308130 


•004932 


•84 


•989 


•313066 


•004936 


•85 


•991 


•318008 


•004942 
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Heights of seg- 
ments in lOOths, 
of the radios 

Oram 
circumference. 


Chords of 
segments, the 
diameter of 
circle being 
unity, or I. 


Areas of 
segments, the 
area of semi- 
circle being 
unity, or 1. 


Area of each 
100th of the semi- 
circle on the 
radius from 
circumference. 


•86 


•993 


•322953 


•004945 


•87 


•994 


•327902 


•004949 


•88 


•995 


•832858 


•004956 


•89 


•996 


•337817 


•004959 


•90 


•997 


•342780 


•004963 


•91 


•998 


•347754 


•004974 


•92 


•9982 


•352739 


•004985 


•93 


•9983 


•357729 


•004990 


•94 


•9984 


•362721 


•004992 


•95 


' ^9985 


•367715 


•004994 


•96 


•9986 


•372710 


•004995 


•97 


•9987 


•377706 


•004996 


•98 


•9988 


•382703 


•004997 


•99 


•9999 


•387701 


•004998 


1-00 


1-0000 


•392700 


•004999 



Ajpplication of the preceding Tahle to practical 

purposes* 

To find the area of the segment of a circle, the versed 
sine and diameter of circle being given. 

Rule. — Divide the versed sine by the radius of the circle, 
the quotient is the versed sine in iGOths of unity ; multiply 
the corresponding tabular area of unity by the square of 
the circle's diameter, and the product is the area of the 
segment in terms of the diameter. 

Ex, The diameter of a circle equal 50 feet, required the 

area of a corresponding segment whose versed sine equal 18. 

18 

rg = '72, — In the first column and opposite to which in 

the third column is '25455, or area of unity; henoe, 
•25455 X 50> =: 636*35 square feet, the area. 
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The diameter of a circle and area of a required corre- 
gponding segment being given, to find the height or versed 
sine of the segment requisite to be cut off. 

BuLE. — Divide the given area of the segment by the 
square of the circle's diameter, the quotient is the tabular 
area of unity, opposite to which, under heights of segments, 
is the versed sine of unity ; multiply this versed sine by the 
radius of the circle, And the product is the versed sine of 
the required segment in terms of the diameter. 

Ex. Suppose the diameter of a circle equal (, feet, and 

from which a segment containing 5 areal feet is required, 

what must be the height or versed sine of the segment ? 
5 

^=:*13888, the nearest tabular area, is *14070, and 

opposite to which is *47. Hence -47 X 3 = 1'41 feet the 
height, or versed sine required. 

To find the chord of a segment, the diameter of circle 
and versed sine of the segment being given. 

Rule. — Divide the versed sine by the radius of the 
circle, ; multiply the tabular length of chord (corresponding 
to the quotient) by the diameter of the circle, and the pro- 
duct is the chord of the segment in terms of the diameter. 

Ex. Suppose a circle whose diameter is 40 feet and versed 
sine 10, required the length of chord. 

~= '50, opposite to which in the table (under chords of 

segments) is '865 ; hence, *865 X 40 = 34*6 feet, the length 
of chord. 

Combined Examples. 

1. Required the area of the segment of a circle whose 
length 01 chord equ{d 20 feet, and versed sine 4. 

?2 = iO« + 4« = 11?= 14-5 the radius, then 
2 8 

^JL = '2758, tabular area for '27 =: '0634, and opposite to 

it in next column is -00339 X -0058 = '0019662 + -0634 
= -0654 ; hence, 29 feet, or the diameter squared = 841, 
and '0654 X 841 = 55*0014 square feet the area of segment. 
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2. An iron cylindrical boiler 20 feet in length and 5^ feet 
in diameter, weighing 2j tons, is to be made securely water 
tight, so that it may be floated up a river of fresh water to 
its destination ; required the quantity of water that it will 
displace, and the depth of its greatest immersion on the 
radius. 

1 ton = 2240 lbs. X 2*75 = 6160 total weight in lbs.; 
And 1 cubic foot of fresh water = 62 5 lbs. ; hence 

— - = 98*56 cubic feet of water displaced, 
62-5 ^ ' 

and ^i8;;56 _ ^.^gg ^^^1 f^et of segment im- 

20 
mersed ; 

Then 4^_. .jg29| tabular area, the nearest to which 

is '16225; opposite to it in the first column, 
or heights of segments, is -52, and *.i2 X 2*75 
or radius = 1*43 feet, its greatest depth of 
immersion if the weights of each end be 
equal. 

Hules for Circumferences and Areas of Circles, 

For the sake of brevity, the following tables are not ex- 
tended beyond 40 inches, larger diameters not being fre- 
quently required in practice; and when any hurried answer 
is required, and not found in the tables, half its diameter, 
as in the following example, will generally expedite. 

Let the following be required relative to a 50-iuuh circle, 
half of 60 = 25. 

As per Table. 

Cipcum. of 25 = 78*5398 X 2 = 1570796 dr. of 50. 
Square of 2.i = 625 X 2 = 250(» square of 50. 

Cube of 25 = 1562X8 = 125000 cube of 50. 

Area of J«5 = 490*H739 X 4= 1963-4956 area of 50. 

Sidcof=8q.of 25 = 221557 X 2 =44*31Usideof=>q.of50 
and 80 of any other diameter, and doubling the diameter 
again if required. 
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TABLES OF CIRCUMFERENCES AND AKEAS 

OF CIRCLES. 



Dia. or 
Uoot, 


Olrcum. 


Square. 


Cube. 


Area. 


Side of 
B Square. 


tV 


•1963 


•0039 


•00024 


•'0030 


-0554 


i 


•3927 


•0156 


•00195 


•0122 


-1107 


■^ 


•5890 


•0351 


•00659 


•0276 


•1661 


i 


•7854 


•0625 


•01562 


•0490 


•2115 


i\ 


•9817 


•0976 


•03051 


•0767 


•2669 


f 


M781 


•1406 


•05273 


•1104 


•3223 


iV 


1-3744 


-1914 


•08374 


•1503 


•3771 


i 


r5708 


•25 


•125 


•1963 


•4331 


1% 


1-7671 


•3164 


•17797 


•2485 


•4995 


i 


1-9635 


•3906 


•24414 


•3068 


•5438 


ii 


21598 


•4726 


•32495 


•3712 


•6093 


i 


2-3562 


•5625 


•42187 


•4417 


•6646 


ii 


2-5525 


-6601 


•53637 


•5185 


•7200 


i 


2-7489 


•7656 


•66992 


•6013 


•7754 


« 


2-9452 


•8789 


•81397 


•6903 


•8308 


1 tw. 


3^1416 


1 


1 


•7854 


•8862 


tV 


3^3379 


11289 


119946 


•8861 


•9416 


* 


3-5343 


1-2656 


1^42381 


•9940 


•9969 


^ 

^ 


3-7306 


1-4101 


1^67456 


1-1075 


r0524 


i 


3-9270 


1-5625 


1-95312 


1-2271 


1-0775 


A 


4-1233 


1^7226 


2-26098 


1-3529 


M631 


i 


4-3197 


1-8906 


2-59960 


1-4848 


1-2185 


O 

A 


4^5160 


2-0664 


2-97045 


1-6-229 


1-2740 


li 


4^7124 


2-25 


3-375 


1-7671 


1-3293 


iV 


4-9087 


2-4414 


3-81469 


1-9175 


1-3846 


* 


5-1051 


2-6406 


4-29101 


2-0739 


1^4401 


%0 


d'80l4 


2-8476 


4-80541 


2-2365 


1-4954 


i 


5-4978 


3-0625 


5-35937 


2-4052 


1-5508 


a 


5-6941 


8-2851 


6-95434 


2-5801 


1-6062 


i 


5^8905 


$•5156 


6^59179 


2-7611 


1-6616 


H 


6-0868 


S^7589 


7^27319 


2-9488 


1-7170 
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Dia. or 
Root 


Clrcum. 


Squaro. 


Cube. 


Area. 


Side of 
■■ square. 


2 in. 


6*2833 


4 


8 


31416 


1-7724 


tV 


6-4795 


4-2539 


8-7736 


3-3411 


1-8278 


i 


6-6759 


4-5156 


9-5957 


3-5465 


1-8831 




6-8722 


4-7851 


10-4675 


3-7582 


1-9385 


i 


7-0686 


5-0625 


11-3906 


3-9760 


1*9939 


A 


7-2649 


5-3476 


12-3663 


4-2001 


2-0493 


i 


7-4613 


5-6406 


13-3964 


4-4302 


2-1047 


A 


7-6576 


5-9414 


14-4822 


4-6664 


2-1601 


2i 


7-8540 


6-25 


15-625 


4-9087 


2-2155 


A 


8-0503 


6-5664 


16-8265 


5-1573 


2-2709 


1 


8-2467 


6-8906 


18-0878 


5-4119 


2-3262 


ii 


8-4430 


7-2226 


19*4108 


5-6727 


2-3816 


« 


8-6394 


7-5625 


20-7968 


5-9395 


2-4370 


il 


8-8357 


7-9101 


22-2472 


6*2126 


2*4924 


4 


9-0321 


8-2656 


23-7636 


6-4918 


2*5478 


^ 

« 


9-2284 


8-6289 


25-3474 


6-7772 


2*6032 


3tn. 


9-4248 


9 


27 


7-0686 


2*6586 


A 


9-6211 


9-3789 


28-7228 


7-3662 


2*7140 


* 


9-8175 


9-7656 


30*5175 


7-6699 


2*7694 


A 


10-0138 


10-1601 


32-3853 


7-9798 


2*8247 


i 


10-2102 


10-5625 


34-3281 


8-2957 


2-8801 


A 


10-4065 


10-9726 


36-3467 


8-6179 


2-9355 


1 


11-6029 


11-3906 


38-4433 


8-9462 


2*9909 


A 


11-7992 


11-8164 


40-6178 


9-2806 


3*0463 


Si 


10-9956 


12-25 


42-875 


9-6211 


31017 


A 


11-1919 


12-6914 


45-2031 


9*9678 


3*1570 


1 


11-3883 


13-1406 


47-6347 


10-3206 


3-2124 


ii 


11-5846 


13-5976 


49-9461 


10-6796 


3*2678 


f 


11-7810 


14-0625 


52-7343 


11*0446 


3-3232 


H 


11-9773 


14-5351 


55-3930 


11-4159 


3*3786 


i 


12-1737 


15-1056 


58-1855 


11-7932 


3*4340 


« 


12-3700 


15-5039 


61-0256 


12-1768 


3*4984 

• 
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Dla.of 
Ruot 


Circuxn. 


Square. 


Cube. 


Area. 


Side of 
« square. 


4 in. 


12*5664 


16 


64 


12*5664 


3-5448 


A 


12-7627 


16-5039 


67*0471 


12-9622 


3-6002 


i 


12-9591 


17-0156 


70-1894 


13*3640 


3-6555 


^ 


131554 


17-6351 


73*4282 


13-7721 


3-7110 


i 


13-3518 


18-0625 


76*7656 


14-1862 


S-7663 


■h 


13-5481 


18-5976 


80-2021 


14-6066 


3-8217 


i 


13-7445 


19-1406 


83-7402 


15-0331 


3-8771 


tV 


13-9408 


19-6914 


87-3804 


15-4657 


3-93:25 


*i 


14-1372 


20-25 


91-125 


15-9043 


3-9880 


A 


14-3335 


20-8164 


94-9748 


16-3492 


4-0433 


* 


14-5299 


21-3906 


98-9316 


16 8001 


4-0987 


U 


14-7262 


21-9726 


101-8965 


17 2573 


4-1541 


i 


14-9226 


22-5625 


107-1718 


17-7205 


4-2095 


u 


15-1189 


2:M601 


111-4679 


18-1900 


4-2648 


i 


15-3153 


23-7656 


115-8574 


18-6655 


4-3202 


l» 


15-5716 


24-3789 


120-2708 


191472 


4-3766 


6 in. 


15-7080 


25 


125 


19*6350 


4-4310 


iV 


15-90-13 


25-6289 


129-7463 


201290 


4-4864 


* 


16-1007 


26-2656 


134-6113 


20*6290 


4-.5417 


■h 


16-2970 


26-9101 


138-5961 


21-1252 


4-5971 


i 


16-4934 


27-6625 


144-7031 


21-6475 


4-6525 


tV 


16-6897 


28-2 i26 


149-9306 


2-2-1661 


4-7079 


1 


16-88'61 


28-8906 


155-2871 


22-6907 


4-7633 


A 


17-0824 


29-5664 


160-7673 


23-2215 


4-8187 


5i 


17-2788 


30-25 


166-375 


23-7583 


4-8741 


A 


17-4751 


30*9414 


172-1115 


24-3014 


4-9294 


1 


17-6715 


31-6406 


177-9785 


248505 


4-9848 


U 


17-8678 


32-3476 


183-9669 


25-4053 


50402 


i 


18-0642 


33-0fi25 


1901093 


25-9672 


5-0956 


ii 


18-2605 


33-7851 


196-37.59 


26-5348 


5-1510 


i 


18-4569 


34-5156 


202-7792 


27-1085 


5*2064 


H 


18-6532 


35-2539 


209-3130 


27-6884 


5*2618 



CIROUHFEHEKCES AND ABEAS OF OIRCLES. 93 



Dia. or 
Root 



6 in. 



TCV 



i 



A. 



6J 



H 



f 



i* 

7 in. 

A 



H 



a 



i 



« 



i 



CtrcQm. 



18-8496 
19-0459 
19*2423 
19-4386 
19-6350 
19-8313 
20-0277 
202240 

20-4204 
20-6167 
20-8131 
21-0094 
21-2058 
21-4021 
21-5985 
2W948 

21-9912 
22-1875 
22-3839 
22-5802 
22-7766 
22-9729 
23*1693 
23-3656 

23-5620 
23-7583 
23-9547 
24-1510 
24-3474 
24-5437 
24-7401 
24-9364 



Square. 



36 

86-7539 

37-5156 

38-2851 

39-0625 

39-8476 

40-6406 

41-4414 

4225 
' 43-0664 
43*8906 
44*7226 
45*5625 
46*4101 
47-2656 
48-1289 

49 

49*8789 
50*7656 
51*6601 
52*5625 
53*4726 
54-3906 
55-3164 

56-25 

67-1914 

58-1406 

59-0976 

60-0625 

61-0351 

62-0156 

63-0039 



Cube^ 



216 

222-8205 

229-7832 

236-8890 

244-1406 

249-2654 

2590839 

266-7790 

274-625 

282-6232 

290-7753 

299-0823 

307-5468 

316*1688 

324*9511 

833-8943 

343 

349-5702 
361-7040 
371*3070 
881-0781 
391-0184 
401-1308 
411-4158 

421-875 

432-5100 

443-3222 

454-3129 

465-4843 

476-8368 

488-3730 

5000935 



Area. 


Side of 




■> square. 


28-2744 


5-3172 


28-8665 


5*3726 


29-4647 


5*4280 


30-0798 


5-4834 


30-6796 


5*5388 


31-2964 


5-5942 


31-9192 


5-6495 


32-5481 


5*7049 


33-1831 


5-7603 


33-8244 


5-8157 


34-4717 


5-8711 


35-1252 


5-9265 


35*7847 


5-9819 


36*4505 


6-0373 


37*1224 


6-0927 


87*8005 


6-1480 


38*4846 


6-2034 


89*1749 


6-2588 


39*8713 


6-3142 


40-5469 


6-3096 


41-2825 


6-4350 


41-9974 


6*4904 


42-7184 


6*5358 


43-4455 


6*5912 


44-1787 


6*6465 


44-9181 


6*7020 


45-6636 


6-7573 


46-4153 


6-8127 


47*1730 


6-8681 


47-9370 


6-9235 


48-7070 


6-9789 


49*4833 


7-0348 



94 CIBOUXFBaEMCES AHD ABEAS OF CIB0LE8. 



DU.or 
JlooL 



Bin. 



« 



} 



9 in. 






« 



« 



i 



Circuiu. 



H 



i 



25*1828 
25-3291 
25*5255 
25*7218 
25*9182 
261145 
26-3109 
26-5072 

26-7036 
26*8999 
27*0963 
27-2926 
27-4890 
27-6853 
27-8817 
28-0780 

28*2744 
28*4707 
28*6671 
288634 
290598 
29-2561 
29*4525 
29*6488 

29-8452 
30*0415 
30-2379 
30*4342 
30 6306 
30*8269 
31*0233 
31-2196 



Sqnan^ 



64 

65*0039 

66*0156 

67*0351 

68-0625 

69-0976 

70*1406 

71-1914 

72*25 

73-3164 

74-3906 

76*4726 

76-5625 

77*6601 

78*7656 

79*8789 

81 

82-1289 

83-2656 

84*4101 

85*5625 

86*7226 

87*8906 

89*0664 

90-25 

91*4414 

92-6406 

93*8476 

95*0625 

96*2851 

97-5156 

98*7539 



Cube. 



512 

524-1939 

536*3769 

548*8499 

561-5156 

574*3739 

587*4277 

600-6775 

614-125 

627*7717 

641-6191* 

655-6683 

669*9218 

684 3797 

699*0449 

713-9177 

729 
744*2932 

759-7988 
775-5378 
791-4531 
807*8043 
823*9746 
840*5642 

857*375 

874-3084 
891 6660 
909*1487 
926-8593 
944-7976 
962-9667 
981-3669 



50-2656 
51-0541 
51-8486 
52*8994 
53-4562 
54*2748 
55*0885 
55*9138 

56-7451 
57*5887 
58*4264 
59*7762 
60*1321 
60*9943 
61*8625 
62*7369 

63*6174 
64*5041 
65*3968 
66*2957 
67*2007 
681120 
69-0293 
69-9528 

70*8823 
71*8181 
72-7599 
73*7079 
74*6620 
75*6223 
76*5887 
77*6613 



Side of 
■"square. 



7*0897 
7*1451 
7*2005 
7*2559 
7*3112 
7*3666 
7*4220 
7*4774 

7*5328 
7-5882 
7*6436 
7*6990 
7*7544 
7*8098 
7*8651 
7-9205 

7-9760 

8*0312 

8-0866 

8*1420 

8*1974 

8*2527 

8*3081 

8-3635 

8-4190 

8-4743 
8*5297 
8-5851 
8*6405 
8-6959 
8*7518 
8-8066 



CIKCUMIS^ERBNCES AND AREAS OF CIRCLES. 95 



Dim. or 
Boot 


CircQUL 


Square. 


Cube. 


Area. 


Side of 
— square. 


10 in. 


81*4160 


100 


1000 


78-5400 


8-8620 


i 


31-8087 


102-5156 


1037-970 


80-5157 


8-9728 


i 


32-2014 


1050625 


1076-890 


82-5160 


9-0836 


i 


82*5941 


107-6406 


1116-771 


84-5409 


9-1943 


i 


82*9868 


110-25 


1157-625 


86-5903 


9*8051 


1, 


83*3795 


112-8906 


1199*462 


88-6648 


9*4159 


f 


88*7722 


115-5625 


1242-296 


90-7627 


9-5267 


i 


34-1649 


118*2656 


1286138 


92*8858 


9-6375 


11 tn. 


34-5576 


121 


1331 


95*0334 


9*7482 


*. 


34-9503 


123*7656 


1376-892 


97*2053 


9*8590 


i 


35-3430 


126-5625 


1423-828 


99-4021 


9*9698 


} 


85-7357 


129-3906 


1471-818 


101-6234 


10*0806 


i 


36-1284 


182-25 


1520-875 


103-8691 


10*1914 


#. 


86-5211 


135-1406 


1571009 


106-1394 


10*3021 


} 


36-9138 


138-0625 


1622-284 


108-4342 


10-4130 


i 


87-8065 


141-0156 


1674-560 


110-7536 


10-5237 


12 th. 


37*6992 


144 


1728 


113*0976. 


10*6845 


i 


880919 


147*0156 


1782*564 


115-4660 


10*7453 


i 


38-4846 


150*0625 


1838*265 


117-8590 


10*8560 


1 


88-8778 


163*1406 


1895*115 


120*2766 


10-9668 


i 


89-2700 


156-25 


1953-125 


122-7187 


11*0776 


1. 


39-6627 


159-3906 


2012*306 


125-1854 


11*1884 


} 


40-0554 


162-5625 


2072-671 


127*6765 


11-2991 


i 


40-4481 


165-7656 


2134*232 


130*1923 


11-4099 


ISm. 


40*8408 


169 


2197 


132*7326 


11*5206 


*, 


41-2338 


172-2656 


2260*986 


135-2974 


11-6314 


i 


41-6262 


175-5626 


2826-203 


137-8867 


11-7422 


f 


420189 


178 8906 


2392-661 


140-5007 


11-8530 


* 


42-4116 


182-25 


2460-375 


143-1391 


11-9637 


i 


42-8043 


185-6406 


2529*353 


145-8021 


12-0745 


,1 


43-1970 


189-0625 


2599-609 


148-4896 


12-1853 


» ■ 


43-5897 


192-5156 


2671154 


151-2017 


12-2961 



96 CIU CVUVMJLESCKS AMD AVXAS OF OCCLSS. 



DkLtr 
Mtat, 


a^ 


» - 
sqwfL 


Cube, 
2744 


M 


SidecT 


14 n. 


43-9824 


196 


153^384 


12-4068 


t 


44-3751 


199-5156 


• 2818-157 


156*6995 


12-5176 


i 


44*7676 


203-0625 


1 2893-640 


159-4852 


12-6284 


i 


45-1605 


206-6406 


; 2970-458 


162-2956 


12-7392 


4 


45-5532 


210-25 


1 3048-625 


165-1303 


12*8500 


1 


45-9459 


213*8906 


' 3128-150 


167*9896 


12-9607 


} 


46-3386 


217-5625 


3209-046 


1708735 


13-0715 


1 


46-7313 


221-2656 


3291-325 


173-7820 


13-1623 


ISnr. 


47-1240 


225 


3375 


176-7150 


13-2930 


i 


47-5167 


228*7656 


' 3460<)79 


179-6725 


13-4038 


i 


47-9094 


232-5625 


3546-578 


182-6545 


13-5146 


1 


48-3021 


236-3906 


3633-505 


185-6612 


13-6254 


i 


48-6948 


240*25 


3723-875 


188-6923 


13-7361 


« 


49-0875 


244-1406 


3814-696 


191-7480 


13-8470 


f 


49-4802 


248-0625 


3906-984 


194-8282 


13-9577 


f 


49*8729 


252*0156 


4000-747 


197*9330 


14-0685 


16 M. 


50-2656 


256 


4096 


201*0624 


14-1792 


i 


50-6583 


260-0156 


4192-751 


204-2162 


14*2900 


i 


51-0510 


264-0625 


4291-015 


207-3946 


14*4008 


i 


51*4437 


268-1406 


4390*802 


210-5976 


14-0115 


i 


51-8364 


272-25 


4492*125 


213-8251 


14-6223 


1 


52*2*291 


276-3906 


4594-993 


217-0772 


14-7321 


f 


52-6218 


280-5625 


4699-421 


220*3537 


14-8439 


i 


53-0145 


284-7656 


4805*419 


223-6549 


14*9547 


17 w. 


53*4072 


289 


4913 


226-9806 


15-0654 


i 


53*7999 


293*2656 


5022173 


230-3308 


15*1762 


J 


541926 


2975625 


5132*953 


233-7055 


15*2869 


* 


54*5853 


301-8906 


5245*349 


2371049 


15-3977 


* 


64*9780 


306*25 


5359*375 


240*5287 


15-5085 


1 


55-3707 


310*6406 


5475-040 


243*9771 


15-6193 


* 


55*7634 


315*0625 


5592*359 


247*4500 


15*7301 


» 


56*1561 


319*5156 


5711*341 


250*9475 


15-8408 



CmCUMFEHEKCKS AND AREAS OF CIRCLES. 97 



Dio. or 
Koot. 



18 tfi. 



i 



i 



i 



19i'n. 
i 



i 



i 



i 

i 



20 in. 



i 

21 IR. 



« 



CIrcam. 



56-5488 
56-9415 
57-3342 
57-7269 
58-1196 
68-5123 
58-9066 
59-2977 

69-6904 
60-0831 
60-4758 
60-8685 
61-2612 
61-6639 
620466 
62-4393 

62-8320 
63-2247 
63-6174 
64-0101 
64-4028 
64-7956 
65-1882 
65-5809 

66-7936 
66-3663 
66-7590 
671617 
67-5444 
67-9371 
68-3298 
68-7225 



Square. 



324 

328-5156 

333-0625 

337-6406 

342-25 

346-8906 

361-5626 

356-2656 

361 

865-7656 

370-5626 

376-3906 

380-26 

385-1406 

3900626 

395-0156 

400 

4050156 

4100626 

416-1406 

420-26 

426-3906 

4305625 

435-7666 

441 

446-2656 

451-5626 

456-8906 

462-25 

467-6406 

4730626 

478-5166 



Cube. 



6832 

5964-345 

6078-390 

6204-146 

6331-626 

6460-837 

6591-796 

6724-613 

6859 

6996267 

7132-328 

7273192 

7414-876 

7558-384 

7703-734 

7850-936 

8000 

8150-939 

8303-765 

8458-489 

8615-126 

8773-681 

8934-171 

9096-607 

9261 
9427-860 
9595-703 
9766036 
9938-375 
10112-72 
10289-11 
10467-52 



Area. 



264-4696 
258-0161 
261-6872 
266-1829 
268-8031 
272-4479 
276-1171 
279-8110 

283-6294 
287-2723 
291-0397 
294-8312 
298-6483 
302-4894 
306-3650 
310-2452 

314-1600 
318-0992 
322-0630 
326 0514 
330-0643 
334-1018 
3381637 
342-2603 

346<3614 
360-4970 
354-6571 
368 8419 
3630511 
367-2849 
371-5432 
376-8261 



Side of 
= Square. 



15-9616 
160624 
16-1732 
16-2839 
16-3947 
16-6065 
16-6163 
16-7270 

16-8378 
16-9486 
17-0600 
17-1701 
17-2809 

17 3917 
17-6026 
17-6132 

17-7240 
17-8348 
179456 
180663 
18-1671 
18-2779 

18 3887 
18-4995 

18-6102 

18 7210 
18-8318 
18-9426 

19 0638 
19-1641 
19-2749 
19386T 



98 CIRCUMFERENCES AND AREAS OP CIRCLES. 



IMa.or 
Root 



22 m. 



i 



i 

23 tn. 



} 



24 tn. 



i 



25 in. 



i 
i 



Clrcom. 



69-1162 
69-6079 
69-9006 
70.2933 
70-6860 
71-0787 
71-4714 
71-8641 

72-2668 
72 6496 
730422 
73-4349 
73-8276 
74-2203 
74-6130 
76-0067 

76-8984 
76-7911 
761838 
76-6766 
76-9692 
77-3619 
77-7646 
78-1473 

78-6400 
78 9327 
79-3254 
79-7181 
801108 
80-6036 
80-8962 
81-2889 



Square. 



484 

489-6166 

496 0626 

600-6406 

606-26 

611-8906 

617-6625 

623-2666 

629 

634-7666 

640 6626 

646-3906 

662-26 

668-1406 

5640626 

6700166 

676 

582-0166 

688-0625 

594-1406 

600-25 

606-3906 

612-5626 

618-7656 

625 

631-2656 

637-5626 

643-8906 

65026 

666-6406 

663-0625 

669-6166 



Cube. 



10648 

10830 53 

11016-14 

11201-83 

11390-62 

11581-52 

11774-64 

11969-70 

12167 

12366-45 

1256807 

12771-88 

12977-87 

13185-98 

13396-48 

13609-12 

13824 

14041-126 

14260-515 

14482-177 

14706126 

14932-368 

15160-921 

15391-794 

15625 

15860-648 

16098-453 

16338-323 

16581-375 

16826 415 

17073-859 

17323-716 



Area. 



380-1336 
384-4655 
388-8220 
393-2031 
397 6087 
4020388 
406-4935 
410-9728 

415-4766 
4200049 
424-5577 
429-1352 
433-7371 
438-8636 
4430146 
447-6992 

452-3904 
467-1160 
461-8642 
466-6380 
471-4363 
476-2692 
481-1065 
486-9786 

490-8760 
495-7960 
500-7416 
505-7117 
610-7063 
515-7256 
620-7692 
626-8376 



Side of 

■ square. 



19-4964 
19-6072 
19-7180 
19-8287 
19-9395 
200503 
201611 
20-2719 

20-3826 
20-4934 
20-6042 
20-7150 
20-8257 
20-9366 
21-0473 

21-1681 

• 

21-2688 
21-3796 
21-4904 
21-6012 
21-7119 

21 8227 
21-9336 
22-0443 

22-1550 
22-2658 
223766 

22 4878 
22-5981 
22 7089 
22-8197 
22-9306 



OIRCUMFERENCES AND ABEA8 OF CIRCLES. 99 



Dia. or 
Root 



26 in. 



i 



i 



27 in. 



i 
i 



i 



28 in. 



Clrcum. 



29 tn. 



i 

i 



i 



81-6816 
82-0743 
82-4670 
82-8597 
88-2524 
83-6451 
840378 
84-4305 

84*8232 
85-2159 
85-6086 
86-0013 
86-3940 
86-7867 
87-1794 
87-5721 

87-9648 
88-3575 
88-7502 
89-1429 
89-5356 
89-9283 
90-3210 
90-7137 

91-1064 
91-4991 
91-8918 
92-2845 
92-6772 
930699 
93-4626 
93-8553 



Square. 



676 

682-5156 

6890625 

695-640^ 

702-25 

708-8906 

715-5626 

722-2656 

729 

735-7656 

742-5625 

749-3906 

756-25 

763-1406 

7700625 

777-0156 

784 

791-0166 

798-0625 

805-1406 

812-25 

819-3906 

826-5625 

833-7656 

841 

848-2656 

855-5625 

862-8906 

870-26 

877-6406 

8860625 

892-5156 



Cabe. 



17676 

17830-720 

18087-890 

18347-620 

18609-626 

18874-212 

19141-296 

19410-888 

19683 

19967-642 

20234-828 

20514-667 

20796-876 

21081-759 

21369-234 

21659-309 

21952 

22247-313 

22546-266 

22845-864 

23149-126 

23456-066 

23763-^1 

24074-981 

24389 

24706-736 

25026-203 

25347-411 

25672-375 

26000-102 

26330-609 

26663-903 



Area. 



530-9304 
536-0477 
641-1896 
646-3561 
551-5471 
6567627 
5620027 
567-2674 

572-6666 
577-8703 
583-2085 
588-6714 
593 9587 
599-3706 
604-8070 
610-2680 

615-7536 
621-2636 
626-7982 
632-3574 
637-9411 
648-5494 
649-1821 
664-8395 

660-6214 
666-2278 
671-9587 
677-7143 
683-4943 
689-2989 
695-1280 
700-9817 



Side of 
- square. 



230412 
231520 

23 0628 
23-3736 
23-4843 
23-6951 
23-7088 
23-8166 

23-9274 
24-0382 
24-1490 
24-2598 
24-3705 
24-4813 

24 6921 
24-7029 

24-8136 
24-9244 
25-0351 
26-1469 
25-2567 
25-3676 
25-4783 
25-6891 

26-6998 
25-8106 
25-9214 
26-0326 
26-1429 
26-2537 
26-3645 
26-4788 



100 CIRCUHFEREKCES AKD AREAS OF CIRCLES. 



DULor 
Boot 



80 in. 



4 



31 in. 



J 



32 in. 



i 
* 



I 



33 in. 



i 



i 



Clrenm. 



94*2480 
94*6407 
950334 
95*4261 
95*8188 
96*2115 
96*6042 
96*9969 

97*3896 
97-7823 
98*1750 
98*5677 
98*9684 
99*3531 
99*7458 
100*1385 

106*5312 
100*9240 
101*8166 
101*7093 
1021020 
102*4947 
102*8874 
103*2801 

103*6728 
104*065o 
104*4582 
104*8509 
105*2436 
105*6363 
1060290 
106*4217 



Sqnarei 



900 

907*5156 

9150625 

922*6406 

930*25 

937*8906 

945*5625 

953*2656 

961 

968*7656 
976*5625 
984*3906 
992*25 
1000140 
1008*062 
1016*015 

1024 

1032*015 

1040*062 

1048*840 

1056*25 

1064*390 

1072*562 

1080*765 

1089 

1097*^65 

1105*562 

1113*890 

1122*25 

1130*640 

1139*062 

1147*515 



Cube. 



27000 

27338*907 

27680*640 

28025*208 

28372*625 

28722*899 

29076*046 

29432*075 

29791 

30152*829 

30517*578 

30885*255 

31255*875 

31629*446 

32005*984 

32385*497 

32766 

33153*501 

33542*015 

33956*314 

34328*125 

34725*743 

35026*421 

35530*169 

35937 

86354*928 

36759*944 

37256*088 

37595*375 

38017*784 

38443-352 

38872*088 



Area. 



706*8600 
712*7627 
718-6900 
724*6419 
730*6183 
736*6193 
742*6447 
748*6948 

754*7694 
760-8685 
766*9921 
773*1404 
779*3131 
785*5104 
791*7322 
797*9786 

804*2496 
810*5450 
816*8650 
823*2096 
829*6787 
835*9724 
842*3905 
848*8333 

855-3006 
861*7924 
868*3087 
874*8497 
881*4151 
888*0051 
894*6196 
901*2587 



Side of 
B square. 



26*5860 
26*6967 
26*8075 
26*9183 
27*0291 
27*1398 
27*2506 
27*3614 

27*4722 
27*5829 
27*^937 
27*8045 
27*9163 
28*0260 
28*1368 
28*2476 

28*3584 
28*4691 
28*5799 
28*6912 
28*8015 
28*9122 
29-0230 
29-1338 

29*2446 
29*3553 
29*4661 
295769 
29*6t»77 
29-7985 
29*9092 
30*0200 
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Dla.or 
Koot. 


CircunL 


Square. 


Cube. 


Area. 


Side of 


AW^^/V* 






• 


907'9224 


«s square. 


34 tn. 


106-8144 


1156 


39304 


30-1308 


i . 


107-2071 


1164*515 


39738-288 


914-6105 


30-2416 


i 


107-5998 


1173062 


40177*384 


921-3232 


30-3523 


t , 


107-9925 


1181-640 


40618-888 


928-0605 


30-4631 


J 


108-3852 


1190-25 


41063-625 


934*8223 


30-5739 


*, 


108-7779 


1198-890 


41511-576 


941-6087 


30-6847 


,5 


109-1706 


1207-562 


41962-792 


948*4195 


30*7954 


i 


109-5633 


1216-265 


42417-256 


955-2550 


30-9062 


S5 in. 


109-9560 


1225 


42875 


9621150 


31*0170 


i , 


110-3487 


1233-765 


43352-016 


968-9995 


311278 


i 


110-7414 


1242-562 


43800-320 


975-9085 


31*2386 


*, 


111-1341 


1251-390 


44267*944 


982-8422 


31-3493 


i 


111-5268 


1260-25 


44738-875 


989-8003 


31*4601 


f , 


111-9195 


1269-140 


45213*120 


996-7830 


81-5709 


5 


112*3122 


1278*062 


45690*728 


1003-7902 


31-6817 


. i 


112-7049 


1287015 


46171*680 


1010-8220 


31*7924 


36 Iff. 


113-0976 


1296 


46656 


1017-8784 


31-9032 


*, 


113-4903 


1308-015 


47252*063 


1024*9592 


32*0139 


J 


113 8830 


1314*062 


47634*765 


1032-0646 


32-1247 


t , 


114-2757 


1323*140 


48129-239 


1039-1946 


32-2355 


.* 


114-6684 


1332*25 


48627125 


1046*3941 


32-3463 


1, 


1150611 


1341-390 


49128-430 


1053*5281 


32*4570 


5 


115*4538 


1350-562 


496331 71 


1060-7317 


32-5678 


i 


115-8465 


1359-765 


50141-356 


1067*9599 


32*6786 


37 in. 


116-2392 


1369 


50653 


1075*2126 


32*7894 


i . 


116*6319 


1378-265 


51168-110 


1082*4898 


32*9001 


,i 


117*0246 


1387-562 


51686-703 


1089*7915 


33-0109 


i , 


117-4173 


1396-890 


52208*786 


1097-1179 


33*0217 


1 


117-8100 


1406-25 


62734-375 


1104*4687 


33*2325 


f , 


118*2027 


1415-640 


53263-477 


1111*8441 


33*3432 


1 


1 18-5954 


1425062 


53796-109 


1119*2440 


33*4540 


i 


118-9881 


1434-515 


54332-278 


1126-6685 


33-5648 



102 CIRCUMFERENCES AND AREAS OF CIRCLES. 



Dia.or 
Root 



38 in. 



39 tn. 



i 

40 tn. 



Circam. 



19-3808 
19-7735 
20*1662 
2Q-5589 
20-9516 
21-3443 
21-7370 
221297 

22-5224 
2-2-9161 
23-3078 
23-7005 
24*0932 
24*4859 
24-8786 
25*2713 
25*6640 



Square. 



Cube: 



1444 

1453-515 

1463062 

1472-640 

1482*25 

1491-890 

1501-562 

1511-265 

1521 

1530-765 

1540-562 

1550-390 

1560*25 

1570*140 

1580*062 

1590*015 

1600 



54872 

55415*282 
5f)962-140 
56512-583 
57066-625 
57624*274 
58185-546 
58750*450 

59319 

59891-204 

60466-078 

61046-629 

61629-875 

62216-822 

62807-484 

63401-872 

64000 



Area. 



1134-1176 
1141-.5911 
1149-0892 
1156-6119 
11641591 
1171-7309 
1179-3271 
1186-9480 

1194*5934 
1202-2633 
1209-9577 
1217*6768 
1225-4203 
1238*1884 
1240*9810 
1248*7982 
1256*6400 



Side of 
= square. 



33*6756 
33-7863 
33-8971 
340079 
34*1187 
34*2294 
34*3402 
34*4510 

34*5618 
34*6725 
34*7833 
34*8941 
350049 
35-1156 
35-2264 
353372 
35*4480 



The Lineal^ Square^ and Cubic Foot of different Countries^ 

given in British inches. 



Goaniries. 


Lineal Foot 


Square Foot 


Cubic Foot 


Austria 


12*46 
11*24 
12*58 
11-28 
11*16 
12*72 
12-94 
12-19 
11-72 
18-75 
1112 
11-68 


155-002 
126-337 
168*256 
127*441 
124-255 
161-798 
167-547 
148-603 
137-358 
189-062 
123-654 
136-515 


1929*774 
1420-627 
2116*665 
1438-684 
1385*070 
2058-071 
2168-728 
1813*162 
1609-840 
2599-609 
1378002 
1595-041 


Belffium ............... 


China 


Germany 


Holland .,.-. 


Italy 


Portugal , 


Prussia 


Rome • 


Bussia '. 


Spain « 


Sweden 



NoTE.--The British lineal foot is used generally throughout America, 
the British West Indies, and Australia. 
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Table of Commission or Discount, 



i 

cu 



I 



i 



i 



1 
1* 

2 

2i 
3 

3i 

4 

4i 
5 

6J 

6 

6J 

7 

H 

8 

H 

9 

10 

10^ 

11 

UJ 

12 

12J 





31-2 
32-4 
33-6 
34-8 
36-0 
37-2 
38-4 
39-6 
40-8 
42-0 
43-2 
44-4 
45-6 
46-8 
48*0 
49-2 
50-4 
51-6 
52-8 
540 
55-2 
66-4 
57-6 
58-8 
60-0 
66-0 
72-0 
74-4 
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WEIGQTS AKB KUUBKB8 



{S 






1 



IJOl 
•3JJJ 


tJoocT^ 


•-• ^-^H 8« 


oimSTco 


COOQM^ 


'W'^iQ 


'is 


ilOOO^ 


R (DOO 


e«9«9«fl9 


eo«oe»o 








etete*eo 




taoceoo 


t.H 


Per hand, 
or iCO. 


^eooo 


io«ot*co 

oe««e 
oooo 


oo«^o 

•ODOMiO 
OMMp4 


»H,H 


lo «Dr«eo 

VH<-««H 


Perhund. 
Or 120. 


■ MiOt-O 

^oooo 


004D0 

e«M3»<-o 

v^ f4 ^^ 
OOOW 


«OOC0«O 

m»ot«o 


«D0«80 

e«iot«o 

WH v4»H 


eo«DO 




<i)oooo 




»«O00<D 


»e«ioco 


•H ♦»» o 

rHp«|.H 






MOOOO 

o«et«ao 


tO^MO 

t«ao AO 


OOOCD^ 

o »-e*eo 

rM 1.^ 1.^ *H 

n^ MS «o 

rN i-l iH 1 


e«ooao 

^OM3«0 
^. virt ^i< I.H 

t«Q0 9»O 


as 


rf<De»o«o 


eoo«m 


ooo^o 
o«me 


OO^OOO 

rH 

OM Ol^ 

CO GO CO 60 






•d •* 00 o -* 
C40000 


OOO^OO 
i-l'^OOO . 

oooo 


o-*ooo 
•Hcoioao 


-^ooo-* 

O <NIOt* 

tH *H «H iH 


ooo^oo 


ill 

&5 


of OiHrHM 

<)|oooo 


-.'«OiHC0 
WW'*'* 

oooo 


cQOMao 

19 uses to 
OOOO 


t« 00 00 Ok 

oooo 


rH 
0»0>H^ 

fH fH pH 

OOOO 


m 


^5 "^M ^VR 


.4H ^« 


eiMeo CO 


eo •*'<»*'* 


^eo«oo 

•H rH 


•qTJ»d 
«>IJd 






e4 94O«0O 


eoeoeo<4i 


5?^5?i« 



OF EQUIVALENT VALUES. 
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aotoiote <ow<et> t*t«t«ao oocooook e»o>o>o coc^^^ p^.^-ie^ 

cetoAO «o;oe»o co<oo)0 cotooko ee<oa»o eotooso tocDoo 

loidow toce«ot* t»t«t«ao ooooooa oaao ooo-< ^^phm 

e»e9t*o looeooo ih<di-^^ o»e4t*o uaoeeoo M«Of-i^ o»e«t«o 

too»oo oOf^iH e4940«e<s eo'^'^io ioio<o<o t«t«r«ao Qoa»e»o 

^H fH^H"— »^ rHiHpHiH p^pHiH»^ r^pHrHM fHr^rH^H ^H»H»— W 

aOpho' iHMeQ^ lOtDc^ao o»o^o f-imeo^ io<Dt«co ooi^o 

coiot^o e^'^ceoo OM'^to oooevio »»0)iHra 4t*e»i-4 ee>oi»o 

evMMct eic^e^M eoeoeom comeom eoeo^^ •^■^^^ ^'^'^■o 

<0O«0O CDOCDO «DO«eo <oo«so «DO«00 <oo«oo <oo«oo 

e«x9b>o e«>o»*o e«iot<»o e«iot«o e«>ai«o mioc^o e«iot«o 

•vMc^ee coeoeon corncob ^'^^^ ^^<4<o tototoio U3ioio«o 

<0«eAe« USQQrH^ t« O CO (O Oe^USaO i-^-^t<»0 C9tOa»M tAOOrH^ 

•- pH ^ rHlH»-l iH rH f-l i-l fH rH rH 

•ecomeo eoeo^^ '^i^dt^'^i ^oioo io»aud«o «e«o«o«o <ocet«t« 

<o^e«o coow^ oooQo «o^e«o oao«^ e<oooo tO'^evo 

fH - rH IH tH 

i^coAo o^e«eo ^««<o t«aoAO orHcvra ^usioce t«aoe»o 

rHrHrH iH iHp-tiHiH iHrHiHrH IH p-t iH 

r-«e««oo <Dt«ooA OrHMeo ^ »o «e r« QO0>OfH c^eo^*f> «et«ooo 

e«S«e«e« mmmm eocoeoco eocseoeo coeQ'<«i^ ^^'^'^ ^^^us 

ooo^o oo^OGO ^ooo^ oao^o oo^oco ^ooo"*! eoo^o 

e«eoo <oeoo« «oo«eo oweoo e«oo<o eoo«e«9 oterao 

rH iH phM p4 rH rHrH rH 

A»'9a<o oooeoiA »»oe4^ t«0)iH^ «oao«Heo hsoooim i4t«A9i 

^Msoo U3«s<e<e «ot«t«to t«toeoao aoooa»o» oaoaoo oooih 

_ "H rH rH pH rH iH 

o^ooo ^ooo^ ooo<4*oo o^too ^Qoo^ aoo^oo o^aoo 

0^m<9 '«ooeo*o t«oo4^ »«o»m^ cooo^eo taccoot let-AM 

^^r^fHrH pH r- rH rH pH iH fH »H fH IH rH 

e«e«e«9« etraeoeo eoeonco eeeo^^ ^'^^'^ •^•^»a*ii toiotoie 

CBOiao («e90»o fH«DtHao eooioo t«e«o»^ »^«OrHao coooo 

m94eo^ ^laioco <9t<»aoao aaoih fH9ie«ee cq'^iqio «e«et*oo 

rHP^lHtH rHF^iHfH i^p^— .fH rH iH 

OOOO OOOO OOOO OOfHfH ^rHrHrH rH iH rH ^ ,-1 P^ -^ r^ 

■ ' " ' ' H> 

•411 Hm HnH)i H)i>hi HaiHii H«HN p«i. Hn^ Hn hh 

Ml M» QOO COtoOM i«aaO^ t^p^eitO OrH^OO tneewO rniOguO 

pM »■ rH »H 

«e«otot* t«t«t«oo oocoAO» osaoo o^^p^ *-> <m 99 m eeeoeo^ 

p' tH ^4 M pi4 w4 ^^ rH p^ vrf cm^.^ 

MN'^^CiMrf' ^Ti'HWIIKi •<r^^5"'l^ H^HWWf^ P^^^BfiH^ •^♦HWWW' ^WHfnf^ 

io>Q4<e <Dcowt* i-»t«toao odooooa o»a»o»o ooo«h _,h..?i 
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The Engineer's, Architect's and Contractor's 

Pocket Book (Wbalb's), published annually. With Diary of 
Bvents and Dsta connected with Engineering, Architectarek and 
the kindred Sciences. The present year's Volnme is mndi improved 
by the sddition of Tarious useful articles. With 8 Coppeiplates, 
and numerous Woodcuts, price 6«., roan tuck, gilt edges. 



Works Fuhlished hyXockwood Sf Oo. 

Tlie Builder's and Contractor's Frioe Book 

(IiOOKWOOD k Co.'b, formerly Wsjllis'i) pabliBhed aiumAUr. Con- 
taining the latest prices for work in ail branches of the Building 
Trade, Yrith items numbered for easy reference. Fifth Edition^ 
Mfiaed by G. B. Bumell, G.B. 12mo, cloth boards, lettered, 4f. 

The Timber Merchant's and Builder's Com- 
panion; containing new and copious TABLES, etc., etc. By 
nXLUAK Dowsiira, Timber Kerchant, Hull. Second BdxtioDi 
rerised, with the Tariff of 1860. Crown 8ro, 3«. doth. 

A Synopsis of Practical Philosophy. Alpha- 
betically arranged. Designed as a Manual for TraTJUers, ArcUtecta, 
Snrreyors, Engineers, Students, Naval Officers, and other Bcientiflo 
Men. By the Ber. tfoHir Cabb, M.A., late Fellow of Trini^ Col- 
lege, Cambridge. Second Edition, 16mo, cloth, 5s. 

The Carpenter's New Gnide ; or, Book of lines 

for Carpenters, founded on the late Pbtse Nzoholsoit's standard 
work. A New Edition, revised by Abthvb Asspitxl, Arch. F.8. A.; 
together with Practical Bules on Drawing, by Gxoegs Pzsi. 
Artist. With 74 Plates, 4to, price £1 Is. cloth. 

Treatise on the Strength of Timber, Cast 

Iron, Malleable Iron, and other Biaterials. By Pstxb BabIiOW, 
F.B.S., Hon. Mem. Inst., C.B., etc. A New Edition by J. F. 
Hbathbb, M.H.., of the Boyal Military Academy, Woolwich, with 
Additions by Prof. Willis of Cambridge. With Nine Illustrations, 
8vo, 16«. doth. 

A Manual of Electricity, including Galyanism, 

Magnetism, Bia-Magnetism, Electro-Dynamics, Magno-Electricity, 
and the Electric Telegraph. By Hbkbt M. Nojld, Ph.D., F.C.8., 
Lecturer on Chemistry at St. George*8 Hospital. Fourth Edition, 
entirely re-written, illustrated by 600 Woodcuts, Svo, £1 4». oloth. 
Sold also in Two Parts ; Part I. Electricity and Galvanism, 8to, 
16f . cloth. Part II. Magnetisn and the Electric Telegraph, 8tOj 
10*. ed. cloth. 

Designs and Examples of Cottages, Villas, 

and Country Houses. Being the Studies of Eminent Ajrohiteets and 
Builders, consisting of plans, elerations, and perspective -news ; 
with approximate estimates of Uie cost of eacn. ito, 67 Plates, 
£1 Is. cloth. 

The Appraiser, Auctioneer, and House-Agent's 

Pocket Assistant. By JoEV Whbxizb, Valuer. 24mo, doth 
boards^ 2$. dd. 
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Works JPuhlished hy Lockwood Sf Co. 

Practical Rules on Drawing, for the Operatiye 

BnildfT and Toan? Student in Architecture. Bj Gbobob Pnra, 
Author of *' A Bad ImentaTT Treatise on PerspeotiTe for Beginn«rB." 
With 14 Plates, 4to, 7«. M. boards. 

A Treatise on Ventilation, Natural and Arti- 
ficial. By BoBKKT BiTcuxB, G.E., Author of *' RailwayB— their 
Bise, Progreis, and Construction ;" " The Farm Engineer," and 
Tarions Prise Essays on the Ventilation of Fuctoriei*, Ships, etc. 
With numerous Plates and Woodcuts, 8ro, St. M, dotii. 

The Operative Meclmnic's Workshop Com- 

S anion. Comprising a irreat variety of the most useful Bnles in 
[echanicsl Science, trith numerous Tables of Practical Data and 
Calculated Resultn. By W. Tsmplotoit, Author of '* The Engi- 
neer's, MillwiiKht's, and mechanic's Practical Assistant," etc. 
7th Edition, with 11 Plates. 12mo, price 6«., bound and lettered. 

The Engineer's, Millwright's and Machinist's 

Practical Assistant ; comprising a Collection of Useful Tables, 
Bules, and Data, co.npiled and arranged, with Original Matter, 
by WiLMAU Tkmplrton, Author of **The Operative Mechanic's 
Workshop Companion," etc. Second Edition, 18mo, 2s. 0(f. cloth. 

A Handy Book of Villa Architecture, being a 

Series of DesiGrns for Villa Residences, in Various Styles . By C. 
WicKKB, Architfct, Author of **The Spires and Towers of the 
HedisBTal Churches of England," etc. etc. Fir^t Series and Second 
Seri«>s. 4to, £1 7«. each, half morocco ; or complete iu 1 Vol. £2 10«. 
half morocco. 

The Annnal Retrospect of Engineering and 

Architectiire ; a Record of Progress in the Sciences of Civil, Mili- 
tary, and Naval Construction. Edited by Oxobgb B. Bcjucxli., 
C.E., F.O.S., F.6.A. Vol. 1— January to December, 1861. Post 
8to,7s. ed. cloth. 

Chambers' Civil Architecture, by Gwilt and 

LEEDS— A TREATISE ON THE DECORATIVE PART OP 
CIVIL ARCHITECTDRB. By Sir Wim xam Chambbbs, K.P.S., 
F.R.S., F.8.A., F.S.S.S. With Illustrations, Notes, and an Ex- 
amination of Grecian Architecture, by Josixph Gwilt, Architect, 
F.S.A. New and Cheap Edition. Revised and < dited by W. H. 
LxBDS. With 65 Plates, and Portrait of the Author. 4to, £1 Is. 
cloth. 

Curiosities of Science, Past and Preset. 

By John Timb«», F.8.A., Author of "Things not Generally Known," 
etc., etc. First and Second Series. Foap., 2«. 6i. each, cloth. 
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